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GENERAL INTRODUCTION 


American Chemical Socicly Series of 
Scientific and Technologic Monographs 

13y urraugcuicnt with the Interallied Conference of Pure and Applied 
Clu'iuibiry, which met in London and Brussels in July, 1919, the Ameri- 
can Chemical Society was to undertake the production and publication of 
Scientific and Technologic monographs on chemical subjects. At the 
same time it was agreed that tlic National Research Council, in coopera- 
tion with the Amci'icun Chemical Society and the American Physical 
Society, should undertake the production unil publication of Critical 
Tables of Chemical and Physical Constants. The American Chemical 
Society and the National Research Council mutually agi'eed to care 
for these two fields of chemical development. The American Chemical 
Society named as Trustees, to make the necessary arrangements for the 
publication of the monograph.s, Charles L. Parsons, secretary of the 
society, Washington, D. C.; the late John E. Teeple, then treasurer of 
the society, New York; and Professor Gollert Allcman of Swarthmore 
College. The Trustees arranged for the publication of the A. C. S. series 
of (a) Scientific and (b) Technologic Monographs by the Chemical Cata- 
log Company, Inc. (Reinhold Publishing Corporation, successors) of 
New York. 

The Council, acting through the Committee on National Policy of the 
American Chemical Society, appointed cdilors (the present list of whom 
appears at the cloi5c of this introduction) to have charge of securing 
authors, and of considering critically the manuscripts submitted. The 
editors endeavor to select topics of current interest, and authors recog- 
nized as authorities in their respective fields. 

The development of knowledge in all branches of science, especially in 
chemistry, has been so rapid during the last fifty years, and the fields 
covered by this development so varied that it is difficult for any indi- 
vidual to keep in touch with progress in branches of science outside his 
own specialty. In spite of the facilities for the examination of the litera- 
ture given by Chemical Abstracts and by such compendia as Beilstcin’s 
Handbuch der Organischen Chemic, Richter’s Lexikon, Ostwald’s Lehr- 
buch der Allgemeinen Chemic, Abegg’s and Gmelin-Kraut’s Handbuch 
der Anorganischen Chemic, Moissan’s Tiaite de Chimie Min6rale Gfe- 
eralc, Friend's and Mcllor’s Textbooks of Inorganic Chemistry and Hcil- 
bron’s Dictionary of Organic Compounds, it often takes a great deal of 
time to coordinate the knowledge on a given topic. Consequently when 
men who have spent years in the .study of important subjects are willing 
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to coordinate their knowlcdf'c and present it in concise, readable form, 
they perform a service of the highest value. It was with a clear recog- 
nition of the usefulness of such work that the American Chemical Society 
undertook to sponsor the publication of the two series of monographs. 

Two distinct purposes arc served by these monographs: the first, 
whose fulfillment probably renders to chemists in general the most impor- 
tant service, is to present the knowledge available upon the chosen topic 
in a form intelligible to those whose activities may be along a wholly dif- 
ferent line. Many chemists fail to realize how closely their investigations 
may be connected with other work which on the surface appears far afield 
from their own. These monographs enable such men to form closer con- 
tact with work in other lines of research. The second purpose is to pro- 
mote research in the branch of science covered by the monograph, by fur- 
nishing a well-digested survey of the progress already made, and by 
pointing out directions in which investigation needs to be extended. To 
facilitate the attainment of this purpose, extended references to the lit- 
erature enable anyone interested to follow up the subject in more detail. 
If the literature is so voluminous that a complete bibliography is imprac- 
ticable, a critical selection is made of those papers whicli are most 
important. 


AMERICAN CHEMICAL SOCIETY 

nOAMD OF EDITORS 


Scientific Series: — 

William A. Noyes, Editor, 
S. C. Lind, 

W. Mansfield Clark, 
Linus C. Pauling, 
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Walter A. Schmidt, 

E. R. Weidlein, 

F. W. Wiluard, 

W. G. Whitman, 

C. H. Mathewson, 

TiroMAs H. Chilton, 
Bruce K. Brown, 

W. T. Read, 

Charles Allen Tjiomas. 



Preface 


More tlian ^six deoadPh liuve jia'^sotl Bincc Fricdc'l and rrafts pnldislipd 
their first papiTH on the synthesis that bears tlieir name. Little did they 
realize that from their ‘‘uceidental observance of the action of metallic 
aluminum im amyl chloride” would evolve the Friedel-Crafts reaction as 
we know it today— a tool applicable to the pr(>paration of many types 
of coin])ouiid'> and destined to play a large role in organic chemistry'. 
At present, veactioii'' involving the use of anhydrous aluminum chloride 
are so numi'rous and .so diver, se that it has been recognized as an imi)or- 
tant factor in organic chemistry. 

During past years the number of investigators in this field and the 
aniouiit of material on this subject have grown eiiorniou''ly. It is a diffi- 
cult ta,sk for an average individual worker to collect this widely scattered 
literature and to have in one place all the available material. Here is 
the purpose of this vldum^. Every eflort ha.s been made to make it com- 
jilete anrl to include all references of published material, both of a purely 
seientific and industrial nature, including the available patent literature. 

I am deeply iiulebtcd to my collaborators, Mary B. Moshicr, Ross AV. 
Mushier and llerlierl E. Morns, for their valuable and untiring assistance 
in the preparation of this volume. The kind hel)) of many other peoide 
IS also gratefully acknowledged, including Harrison E. Howe who fos- 
tered tlie beginning of the hook, Costin D. Neiiitzcscu for his iiersonal 
coiiiimiiiications, Austin hi. Patterson for reviewing nomenclature, 
Pliilip H. (Iroggins lor reviewing the manuscript and offering valuable 
.suggestions, Robert E. Burk for submitting valuable material on halide 
ratalybis, anti Herman A. Briison for contribution', on the .symtbc.sis of 
kelo-acids. 

A great many people, as been in the text, have sent in reprints and 
lUTsniial coinmunicatinns; this list i.« too great to enumerate, but I wish 
to extend them my thanks. Also it is a jileasurc to acknowledge the many 
eoiitribution.s to the text made by niemberh of tins laboratory. T particu- 
larly wish to thank Doris Binkley and Kathleen Flahivc for proof- 
reading and Barbara Southard for typing. Finally, the eonperation of 
n. (i. Hawley, Rcinhold Publishing Coritoralion, is greatly appreeiated. 

CnAHLE.s Allen Thomas 

Dayton, Ohio 

July 11, 1941 
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Chapter 1 
Introduction 

The role of anhydrous aluminum chloride in organic chemistry is 
generally associated with syntheses in which hydrogen halide is evolved. 
The reaction, involving loss of a hydrogen atom from an aromatic nucleus 
and a halogen atom from another compound to yield a condensation 
product, was announced by Friedel and Crafts as "a new method for the 
preparation of aromatic hydrocarbons.” In the last decade, the Friedel- 
Oafts reaction has been extended to similar replacement of cycloaliphatic 
or aliphatic hydrogen. 

Orientation and degree of reactivity in Friedel-Crafts reactions are 
similar to that observed in other reactions involving substitution in 
aromatic nuclei. The presence of positive groups, for example, .alkyl- 
and alkoxy-, facilitates substitution; whereas electronegative groups like 
carbonyl-, carboxy-, and nitro- have an inhibiting effect. Polynuclear 
hydrocarbons and the so-called “super- aromatic” heterocyclic compounds, 
thiophene and furan, undergo the reaction. Friedel-Crafts reactions do 
not proceed readily with most hctcroeyclic compounds of nitrogen. As 
the aromaticity of a compound increases, either through the presence of 
activating groups or through the type of ring-structure, electronegative 
substituents exert less of an inhibiting effect. 

These restrictions do not apply to the organic halogen component; 
thus, there is but little difference in the reactivity of positively or nega- 
tively substituted acid halides. Most aliphatic and arylalkyl halogen com- 
poimds and many halogenated compounds of sulfur, selenium, arsenic, and 
phosphorus undergo the reaction. Nuclear halogen is replaced only in 
exceptional instances. 

Intramolecular ring closure, with evolution of hydrogen chloride, is 
effected by the action of aluiaiiuiin chloride on certain arylalkyl halides 
and acid halides. 

Friedel and Crafts also found that aluminum chloride catalyzes the 
addition of acid anhydrides to aromatic hydrocarbons. This reaction, 
like the Friedel-Crafts condensations in which hydrogen halide is evolved, 
has been extended to various substituted aromatic hydrocarbons and to 
reactive heterocyclic compounds. It has been applied largely to the 
preparation of keto-acids by addition of dicarboxylic acid anhydrides to 
an aromatic compound. The reaction of anhydrides of monobasic acids 
and aromatic compounds has been more recently found to afford an 
excellent method for the preparation of arylalkyl ketones. 

Shortly after the announcement of aluminum chloride-catalyzed reac- 
tions with organic halides, it was found that olefinic hydrocarbons could 
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replace alkyl halides as alkylating agents fur the preparation of benzene 
homologs. The reaction has been extended to the addition of olefinic 
acids, esters, and ketones to aromatic hydrocarbons, and to intramolecular 
ring closures of arylalkyl compounds having an olefinic double bond. 
Addition of aromatic compounds to alkylene oxides and the alkylation of 
aromatic hydrocarbons with paraffins and rycloparaffins are compara- 
tively new developments. 

The reaction of sulfur with aromatic hydrocarbons in the presence of 
aluminum chloride furnishes an effective method for the preparation of 
polynuclear sulfur compounds. The production of sulfones from sulfur 
dioxide and aromatic compounds has been extensively investigated. In 
the presence of hydrogen chloride, carbon monoxide or hydrogen cyanide 
reacts with aromatic conipoundh to yield aldehydes. Addition of aro- 
matic compounds also has been ^ho^^n to take place at the unsaturated 
cyanide radical. 

In their study of the disruptive action of almninuin chloride on hydro- 
carbons, Friedel and Crafts noted its dehydrogenating effect. Today, the 
dehydrogenating condensation of aromatic hydrocarbons is a widely used 
method for the synthesis of polynuclear compounds. 

Dehydrating condensations are also effected with aluminum cliloridc. 
Alkylation of aromatic compounds may be edTected with primary, secon- 
dary, or tertiary alcohols. Other alkylating or acylating reagents which 
have been used include carboxylic acids, esters and ethers. A wide mis- 
cellany of dehydrating condensations comprises reactions which involve 
replacement of oxygen from carbonyl- and carboxy- groups. 

The disruptive effect of aluniinuiii chloride has been utilized not only 
in petroleum cracking but also in syntheses involving rearrangement, 
migration, and cleavage, such as the Fries transformation of aromatic 
esters to hydroxy-ketones, alkylation l)y transfer of an alkyl group from 
one aromatic nucleus to another, and preparation of phenols from the 
corresponding phenol ethers. 

The polymerizing activity of aluminum chloride is of commercial 
importance in the preparation of lubricants and motor fuels from lower 
boiling hydrocarbons and in the production of synthetic resins from 
unsaturated liydrocarbons. lu its role as polymerizing catalyst it has 
served as a refining agent in removing polymerizable constituents from 
petroleum hydrocarbons. 

It is obvious that the reaction announced by Friedel and Crafts as 
new method for the prcfiaration of aromatic hydrocarbons” has been 
extensively applied to many other fiehls of organic rliemistry. Many of 
the mechanisms involved have lieen .studiiMl, and intensive investigations 
have been directed at the detennination of oiitiimmi conditions. Today 
we have in aluminum chloride an extremely effective catalyst for syn- 
theses in aromatic and aliphatic chemistry. 



INTRODUCTION 


A number of excellent reviews dealing with the scientific and cor 
incrrirtl iiiiportiiiice of aluminum eldoride in organic Rynthesis arc aval 
able.* 

»N O. Ciillnway» Chmn. /fm., 17, 327-302 (1035) V H, GioeiEinB, “Unit pmooesaB in orRn: 
BMiihrHiH.*' p. 634-691, 1038; inrl. Eng. C/irm., 23, 152-160 (1031); Trmu. Am. /naC. Chm. En 
New (>lMn8 meeting, 1080, 44 p. (Advance copy); C. A., 25, 687. G. Kranilein, JlfetoUborae, 
1856-1667 (1030); C A., 25, 28. P. KranBlun, Angew, chemie, 51, 373-370 (1038). G. Kranda 
‘’Aluminuni ohlond in rler QrganiBohm cbnniB,“ 261 pp.. 1D8D; C. D. NnntseHou, Angew chmie, 
231-238 (1939). P. J. Montegne, ChM. Weekblad. 11, 308-322 (1914); C. Z.. 1924, 1, 1645 



Chapter 2 

Historical Sketch of Charles Friedel and 
James Mason Crafts ‘ 

Although Charles Friedel and James Mason Crafts are best remem- 
bered by the reaction which bears their names, their work on the use of 
aluminum chloride in organic synthesis played a comparatively minor 
role in their lives. 

Charles Friedel, bom in Strasbourg, Alsace, on March 12, 1832, was 
forty-five years old at the time of the first announcement of the Fricdcl- 
Crafts reaction. At the time he was professor of mineralogy in the 
School of Mines at the Sorhonne. The work with aluminum chloride had 
been done in a small laboratory which was attached to the professorship. 
His previous researrlies had covered a wide range, including such very 
diverse fields a.s aldehydes and ketones, secondary alcohols, pinaeone, 
lactic acid, theory of double decomposition, organic and inorganic com- 
pounds of silicon, mixed halogen compounds of hydrocarbons, and the 
synthesis of glycerol from propylene through chlorohydrin. This wide 
divergence of interests i« exemplified in the fact that in 1869 he had pre- 
sented two dissertations for his doctorate degree, one on aldehydes and 
ketones and the other on the pyroelectric properties of erystals. His 
interest in mineralogy may be traced to early encouragement which was 
given to him by his maternal grandfather, Oeorge Louis Duvernoy, pro- 
fessor at the Museum of Natural History at Paris. The unwavering 
devotion to organic chemi.stry which was his had been instilled in him by 
Wurtz, whose laboratory he had entered in 1854. In the small laboratory, 
housed in the School of Medicine, and providing accommodations for only 
sixteen students, a long friendship was initiated which remained a direct- 
ing force in Friedel's life. 

James Mason Crafts, born of American parents in Boston, Massachu- 
setts, on March 8, 1839, was twenty years old when he went to Freiburg, 
Saxony, to pursue further an early developed interest in mineralogy and 
mining engineering. A year later he went to Heidelberg where he worked 
under Bunsen, who had just begun his research on spectroscopy. Here 
his interest in rhemistry, aroused at Freiburg, was decidedly increased. 
Accordingly, in 1861, he went to Paris and worked under Wurtz in the 
small laboratory in the School of Medicine. He met Charles Friedel at 
this time, and their joint interest in mineralogy and organic chemistry 
bore fruit in a series of researches on the organic compounds of silicon. 

J M. Cnfta, "Friedel Manornl Leetura," /. Chm. Boc,, 77, M-lOU (1(00); JnnMi Muon 
Omltt, obiUioiy, /. Am CHtm. Boe. (Proretdmti). 30, ITl-lTO (HIT). A. A. AAdown, "Borliut 
Hutorv of the Friedel-Cnfti Reution," inrf. Snii. Chrni , H, lOU-lOOS (ISW). 
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Realiaing, however, that his years abroad were meant only as a prelimi- 
nary to his life’s work, he returned to the United States in 1865, and after 
a year’s travel spent in the examination of mines in Mexico and the West, 
he became the first professor in chemistry at Cornell University. In 1870 
he succeeded Professor Storcr in the chair of general chemistry at the 
Massachusetts Institute of Technology, but four years later ill health 
obliged him to give up active teaching, and he returned to Paris. Here 
most of his time was spent in research at the School of Mines and in the 
laboratory of Wurtz. 

It was only natural that Friedel and Crafts, uniquely bound as they 
were to both mineralogy and organic chemistry, should revive their 
former collaborative scheme of research. 

The discovery of the use of aluminum chloride as a catalyst for 
organic reactions sprang from an “accidental observation of the action 
of metallic aluminum on amyl chloride.” Friedel and Crafts soon real- 
ized that it was the metallic halide rather than the metal which was the 
activating body, and within five or six weeks had verified the catalytic 
effect of aluminum chloride as an agent for alkylation or acylation of 
aromatic hydrocarbons by reaction with alkyl or acyl chlorides. The 
results obtained in the very beginning seemed to show that any number 
of halogen atoms in a paraffin could be replaced by a phenyl group, that 
the six hydrogen atoms in the benzene ring could each be replaced succes- 
sively by alkyl, and that a halogen in an aromatic side chain acted with 
even more readiness on the benzene ring. Ketones could be prepared by 
reacting chlorides of aliphatic or aromatic mono- or di-basic acids with 
benzene and its hoinologs. A method for the preparation of a host of new 
compounds was thus revealed in the first papers. 

A summary of papers presented by Friedel and Crafts on reactions 
with aluminum chloride is given at the end of this chapter. It will be 
seen that the greater part of the work was done in 1877 and 1878, 
although occasional articles, dealing chiefly with more detailed work on 
previously announced reactions, appeared until 1898. There were a num- 
ber of reasons for the little work done by Friedel and Crafts on the alu- 
minum chloride reaction after 1879. In that year Friedel, as professor of 
mineralogy, began a series of some thirty papers on the synthesis of arti- 
ficial minerals. These researches, coupled with the fact that Friedel and 
Crafts had at the time only a very small laboratory with no place for 
students or assistants, retarded progress in fitting the Friedel-Crafts 
reaction to new fields. 

Upon the death of Wurtz, in 1884, Friedel succeeded him as professor 
of organic chemistry at the Sorbonne. Although Friedel’s revived interest 
in the aluminum chloride reaction is attested by the comprehensive sum- 
mary which appeared in that year, a severe illness in 1885 retarded his 
capacity for experimental work during his remaining years. The second 
part of the summary did not appear until 1888. Three years later the close 
association of Friedel and Crafts was broken upon the latter’s return to 
the United States. Before his death, Wurtz had succeeded in obtaining 
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permission for the construction of new laboratories. Frieders attention 
was perforce turned to the planning and equipping of these units, which 
were officially opened in 1895. 

Friedel died on April 20, 1899. From the Friedel Memorial Liecture, 
presented to the Chemical Sficiety by Crafts, the following shows Crafts' 
esteem for his associate: ^'During the thirty-eight years in which a close 
friendship made him a witness of conduct and actions, the writer cannot 
recall a single instance in which he would have wished his friend to have 
thought or acted otherwise than he did.” 

At the time of Frieders death, Crafts was president of the Massaclni- 
setts Institute of Technology, which since his return to America in 1891 
he had served in turn as professor of organic chemistry, head of the 
department of chemistry, and member of the C'orporation of the Institute. 
Finding that the duties of the presidency left him too little time for 
science, he resigned this office in 1900, retaining a research laboratory at 
the Institute. Although his declining healLh greatly interfered with his 
activity he made notable contributions to thermometry and the study of 
catalysis in solutions during this time. He died on June 20, 1917. 

Although the greater part of Friedel and Crafts’ work on reactions 
catalyzed by aluminum chloride was done in the course of a few years, 
it forms a substantial foundation to the reactions which arc discussed in 
this book. They noted the following distinct fields of applications: 

Reaction of organic halides with aromatic hydrocarbons 
Reaction of anhydrides of organic acids with aromatic hydro- 
carbons 

Reaction of oxygen, sulfur, sulfur dioxide, carbon dioxide, anti 
phosgene with aromatic hydrocarbons 
Cracking of aliphatic and aromatic hydrocarbons 
Polymerization of unsaturated hydrocarbons 

The Friedel-Crafts reaction today has become a widely accepted 
method for alkylation and acylation of aromatic hydrocarbons. Friedel 
and Crafts' patent “Improvements in the Treatment of Hydrocarbons for 
Their Purification and Conver.^sion into Other Products” “ was probably 
the first of the numerous patents which deal with the use of aluminum 
chloride in the petroleum industry. The polymerizing activity of alu- 
minum chloride has been likewise broadly utilized. 

A chronological list of papers ])rcscnted by Friedel anri Crafts on reac- 
tions catalyzed by aluminum chloride is given in the following summary: 

On May 18, 1877, it was reported* at the meeting of the Societe 
Chimique de Paris that Friedel and Crafts had commenced the study of 
the action of aluminum chloride on various chlorides, hydrocarbons, and 
mixtures of various coinpo.sitiun.s. It was announced that they had found 
that almnmiiui ehlorirle reacts in the cold with amyl chloride with pro- 

2Hr,iiali I* 4 789 (1877) to C. U. Abd (a niijiniuiiivuruiii fiiiin aliniatl by Cliiirlivi Fiirilel anil 
Juilll>il M. CluflhJ. 

■ C. Friedel and J. M. Crafta, Bydl. aoc. (.Aim (t), 27. 530 (1877). 
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rluction of hydrogen chloride, hydrocarbons of the composition CnH 2 n +2 
and highly condensed hydrocarbonR. When ])clrolcum was treated with 
aliiminuiu chloride, gas evolved, and eonden'^ation products were 
formed. With a mixture of an organic chloride and an aromatic hydro- 
carbon, reaction occurred with forinalioii of such alkylation products as 
toluene, ethylbenzene, or amylbenzenc and acylation products like benzo- 
phenone. 

Previously, Zincke ^ liad announced the reaction of aromatic hydro- 
carbons with halogen compounds in the presence of zinc du&t: 

2C,HbH + 2ClCn. . CJIb 2CJT» . CH, . aH. 2HCI 

The fact that aluminum chloride catalyzed the same reaction pointed to 
catalysis by intermediately formed zinc chloride in the Zincke reaction. 

Friedcl and Crafts summarized the reactions effected in presence of 
aluminum chloride as follows: 

CH.C1 -h C.Ha = HCl 4 
a.HrrH.Cl + G,H. = HCl 4 CJlfiCHsC Jin 
CsH^COri -f C„H. = HCl ^ CMI COC«Hn 
2CHaCl + C.Hs = 2HC1 + C.HJCH0. 

In a paper ’* presented on June 11, 1877, to I/Acadainie des Sciences, 
Friedel and Crafts again described their new general method for the syn- 
thesis of aromatic hydrocarbons, noting that organic halides in general 
may be used as alkylating agents. 

Fncdcl and Crafts* third general note® presented to L*Acad- 
emic des Sciences in the same year by Wurtz. The use of other metallic 
chlorides w^as mentioned, and it was pointed out that the action of chlo- 
ride depends upon the aiiiount of hydrogen chloride which can be liber- 
ated. Ferric chloride had been found to cause the evolution of almost as 
much hydrogen chloride as does aluminum chloride, but ferrous chloride 
had been found to be inferior. The replacement of organic halides by 
inorganic halides was indicated; thus phosphorus trichloride heated with 
benzene and aluminum chloride gave an organic compound of phosphorus. 
The following mechanism for the reaction of amyl chloride with benzene 
was suggested: 

C/sHud ~f* CtHsAlftCIs — AlflCIa *4 C«HbCiiH]i 

At the June 15, 1877, meeting of the Roci6t6 Chimique de France, 
Friedel and Crafts described the reaction of chloroform or carbon tetra- 
chloride on benzene in the presence of aluminum chloride. They noted 
that aluminum bromide and aluminum iodide also catalyzes the reaction. 
In an accompanying paper ® is revealed the fact that not only aliphatic 
acid chlorides containing more than one atom of chlorine take part in the 

II ZmekB, Ber, 6, 137-1311 (IffTS). 

Friedel and J M Crafte, Compt. rend, 84, 1392-1894 (1877). 

IS- J- M. TieftB, Compt, rend, 85, 74-77 (ISH) 

rviedel and J. M. Crafts, Bull. tmc. chint ft), 28, 50 (1877). 

■C. Fiiedel and J. M Crafts. Comfit, rend. 84, 1430-1454 (1877). 
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reaction, but that arylalkyl chlorides, for example benzyl chloride, react 
with aromatic hydrocarbon under replacement of halogen. Nuclear halo- 
gen, however, could not be replaced, for heating chlorinated benzene with 
benzene and aluminum chloride did not result in evolution of hydrogen 
chloride. 

Before the end of the year, Friedel and Crafts, in collaboration with 
Ador,^ described the use of phosgene in the synthesis of ketones and 
acids. Slow reaction of phosgene with benzene in presence of aluminum 
chloride resulted in formation of benzophenone; rapid reaction, however, 
yielded benzoyl chloride and benzoic acid. 

At the December 21, 1877, meeting of the Soci6t£ chimique de France 
the reaction of phthaloyl chloride with benzene and aluminum chloride to 
yield phthalophenone and anthraquinone was described.'" 

The January 14, 1878, meeting of the French Chemical Society was 
presided over by Friedel. At this meeting it was announced that Friedel 
and Crafts " had found that aluminum chloride catalyzed the air oxida- 
tion of benzene to phenol and other oxygen derivatives. Toluene behaved 
the same way. The decomposition of naphthalene into benzene and an 
anthracene hydride upon heating with aluminum chloride was noted. 

At about the same time the action of sulfur on benzene at 75-80° in 
the presence of aluminum chloride was reported to result in the formation 
of thiophcnol, diphenyl sulfide, and diphenylene sulfide. 

The subject of the paper presented to the SocifitS chimique de France 
on May 3, 1878, was the isolation of durenc from products of the reaction 
of methyl chloride on benzene and aluminum chloride. 

Reports dealing with the action of carbon dioxide and of sulfur diox- 
ide and other acid anhydrides on aromatic hydrocarbons in the presence 
of aluminum chloride were logical sequences to work which had pre- 
viously been done on reactions with oxygen or sulfur.'® The report to the 
French Chemical Society was presented at its June 7, 1878, meeting — 
about a year after the first announcement of the now well-known Friedel- 
Crafts reactions. Here we already have a decided extension of the origi- 
nally described ''action of aluminum chloride on organic chlorides.” It 
had been found that benzoic acid was produced in small quantities 
upon passing a current of perfectly diy carbon dioxide through a mix- 
ture of aluminum chloride and benzene heated to the boiling point. 
Under like conditions, sulfur dioxide reacted much more energetically, 
yielding benzenesulfinic acid. The now much used reaction of phthalic 
anhydride for the production of o-aroylbenzoic acids was announced. 
Acetic anhydride was shown to yield acetophenone with benzene and alu- 
minum chloride. 

On July 19, 1878, Friedel and Crafts'^ reported results of an investi- 


•G. Friedel. J. M. Orefta, end E. Ador, Eer., 10, 1BM-1B5B (1877); Compt. rend., 8S, 678-076 (iSn), 

»C. Friedel md J. M. Crsfta, BuU. moc. chtm. (l), 29, 49 (1B7B). 

u C. Friedel and J. M. Crafte, ByU. ecw. thxm. (t), 29. 99 (1879). 

, w ^ „ -ufcar rig7g). 

(1878); Bull ioc, chim. (t), 30, 1 




w. miu W. 01Ht. BVC. cnim. I*/. BV, WW 

C. Friedel and J. M. Grafta, Compt. rend., K, 884-887 (1878) 
C. Friedel and J. M. Crafts. Compf. rmd.. H, 1808-U71 (I 


Friedpl Mid J. M. Cmrts. Bull. moc. chim. (t), 30, 140 (1878). 
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[ration of the catalytic activity of other metal chlorides on the reaction of 
benzyl chloride with benzene. The chlorides of zinc, iron, and cobalt 
were weaker catalysts, but zirconium chloride was as effective as alumi- 
num chloride. 

At the November 15, 1878, meeting of the Societe chimique de France, 
Fricdel and Crafts reported that upon fusing a mixture of aniline 
hydrochloride, aluminum cliloride, and methyl chloride, a small quantity 
of a base, probably o-toluidinc, was obtained. 

In 1879, the reaction of benzoyl chloride with durene in the presence 
of aluminum chloride was reported to result in mono- and di-acylation. 
The diketone was also prepared by acylation of the monobenzoyldurcne.^” 

The reaction of methyl chloride with toluene was extensively studied 
in 1880. Tetra-, penta-, and hexamethylbenzenes were prepared.^^ 

In 1881, several of the previously announced reactions were more 
thoroughly investigated. A detailed account of the reaction of phthalic 
anhydride with benzene and benzene lioinologs was given.^® 

At the December 23, 1881, meeting of the 8ocicte chimique de France, 
Friedel and Crafts commented on a note, published by Gustavson in 
the Berichtc dcr deutsrhen Gesellschaft, on the decomposing action of 
aluminum chloride on petroleum hydrocarbons. As has been mentioned, 
Fricdel and Crafts had noted in their first paper the evolution of gas and 
the formation of condensation products, and a few months later bad 
reported the decomposing action of aluminum chloride on naphthalene. 
Friedel and Crafts now described the decomposition of hexamethyl ben- 
zene to durene and other methylated benzenes as w^ell as the decomposi- 
tion of triphenylmcthanc to diphcnylmcthane. 

The condensation of carbon tetrachloride with benzene in the presence 
of aluminum chloride was restudied, and a report of the results given at 
the May 27, 1881, meeting of Societe chimi(iue de France. It was stated 
that the reaction proceeded through intermediate formation of diphenyl- 
methane dichloride and triphenylmethane chloride, which upon hydrolysis 
were converted into benzophenone and triphenyl carbinol, respectively.*® 

A new reaction described in that year was that of ethylene dibro- 
iiiidc with toluene and aluminum chloride to yield ditolylethanc. 

The following year, the use of chloroform and of benzyl chloride in 
Fricdcl-Crafts reactions was again studied. Since the original announce- 
ment of the formation of triphenylmethane by reaction of chloroform 
with benzene and aluminum chloride, other investigators had worked on 
the reaction * and the present paper gives a detailed account of procedure 
and yields.** 

Fimlel and .T. M. Ciafia, Bull. aoc. chim. (X), 30, 631 (187B). 

'"C. Fiinilel, J. M. Ciafta, and £. Ador, Compt. rmd., B8, t)60-HB4 (1870). 

Finuld and J. M. Crafts, Compt. rend., 91, 267-200 (1880). 

C. Fnedel and J. M. Crafts, Compt. rend., 92, 838-887 (1881). 

»C. Fnedul and J. M. Crafts. Bull. aoc. chirn., 37, 49 (1882). 

^C. Fiiedel and C. Vmoont, Bull, aue chivi. (B), 36, 1 (1881). 

C. Friedel and M. Bslsohn. Bull. toe. chiw. (B), 35, 62-64 (1881). 

* See Chapter 5. 

" C. Friedel and J. M. Grafts, Bull. aoe. chim. (B), 37, 6-11 (1882). 
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At the May 12, 1S82, meeting of the Sucicte ehiiiiiquc do France^-* it 
was noted that tlie manner of addition of components is a prime factor 
in the Friedel-Crafts reaction of benzyl chloride with toluene. The pro- 
duction of anthracene as a reaction product was noted. 

The next year was uneventful. In 1884, however, Friedel and Crafts 
gave us an eighty-])agc review of the reactions of organic chlorides with 
aromatic hydrocarbons, citing nut only their own work but also that of 
other investigators. New reactions which had been announced by others 
since 1877 included that of unsaturated acid chlorides with aromatic 
hydrocarbons,* and of chloropicrin with benzene or phenol to yield tri- 
phenylmethane and aurin, respectively.^ 

The reaction of methylene chloride with toluene and benzene was also 
reported in 1884.^° At the December 26, 1884, meeting of the Socictc 
chimique de France, the autocondensation of benzyl chloride to give a 
polymeric substance was described.-** 

In 1885, the decomposing action of Hluininum chloride was investi- 
gated, and a theory of concomitant hyrlrogeiiation and dehydrogenation 
was advanced/^^ That same year a method for the separation of mixtures 
of the three xylenes and ethylbenzene formed by the action of aluminum 
chloride on toluene was described.-'^ 

A thorough account of the reaction of methylene chloride with benzene 
or methylbenzencs was given in 1887.-" The complexities of the reaction 
are appreciated, and an attempt was made to explain the decomposing 
and migrating action of aluminum chloride. Thus, the production of 
toluene and anthracene as well as the expected diphenylmcthane in the 
reaction of methylene chloride with benzene was explained by primary 
formation of hydranthracenc which, upon reduction by the methylene 
chloride, was converted to anthracene. The methyl chloride thus pro- 
duced reacted with benzene to yield toluene. The reaction was similarly 
studied with toluene, m-xylene, and pseudocumene. 

The aecqnd comprehensive review of reactions effected in presence 
of aluminum chloride appeared in 1888. This is, in effect, a continuation 
of the 1884 review in which the reactions discussed were limited to those 
effected with organic chlorides. In the second review, only reactions in 
which no halogenated component i.s used are noted. These include those 
effected with aromatic hydrocarbons and oxygen, sulfur, carbon dioxide, 
sulfur dioxide, and acid anhydrides. Alkylation with olefins is discussed. 
Arguments are given to support the view that Friedel-Crafts reactions 
proceed through primary formation of a complex of the catalyst with 
aromatic hydrocarbons, that with l)enzene being CoHri.Al 2 ClB. 

»C. Fiiedel, BulL ttoc. ztum, (£). 37, 530 (1«S2) 

^ C. FriMld and J M. CraOit, Ann. chtm. phyjt (b), 1, 41D 632 (1834). 

• 8co Chiiplrr 0. 

t Seu ChapU^i* 5. 

^•C. FriMlel mid J. M. UiuftH, b%dl. . dnm., 41, 322-327 (1KH4). 

^ C. Fnedel anil J. M. Oafta, Hull. hoc. thtm, {£), 43, 53 (IKH.'i). 

-nC. FriBdd and J. M. r'lefta, Cumpt. rmd., 100, B92-B08 (1885). 

*C. Fnedel and J. M. Uialts, Compt. rend,, 101, 1218-1223 (1885). 

" C. Friedel and J. M. Cinfis, Ann. c/um. pliyH, {U), II, 203-277 (1887). 

*>*0. Fnedel and Jf. M. Ciafta, Ann. chim. phys. (€), 14, 433-473 (1888). 
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Fricdel'a last paper on reaetions with aluminum chloride deals with 
Uic decomposition of a iioniiiil saturated hydrocarbon by aluminum chlo- 
ride. n-Hexuno was shown to yield peuiaiie, butane, iiinl ])ropiine and a 
polymeric, brownish, viscous liquid. 

C. FneiJel and A. OuigL'u, Compi. rend, 127, 5BO-5M (18U). 



Chapter 3 

Physical Properties of Anhydrous 
Aluminum Chloride 

Although this book deals primarily with the role of aluminum chloride 
in organic chemistry, the interest which has been displayed in elucidating 
the mechanism of Friedel-Crafts and other reactions catalyzed by alumi- 
num chloride necessitates a consideration of the physical properties of the 
catalyst. Since the catalytic activity of aluminum chloride and similarly 
reacting catalysts is very probably due to the presence of an incomplete 
octet, a review of information concerning the molecular structure of 
aluminum chloride is given in this chapter. Obviously, data concerning 
physical constants of the salt, its electrical properties, solubility in nou- 
aqueouB solvents, and electrical conductivity in such solvents comprise 
tools which we need, not only for a study of the mechanism of the reac- 
tions which are induced by it, hut also for arriving at optimum conditions 
necessary for such reactions. The tendency of aluminum chloride to form 
complexes with numerous organic anrl inorganic compounds likewise has 
a decided effect on the rate of many organic reactions ; a suinmai’y of such 
complexes is, therefore, included at the end of this chapter. 

An attempt to correlate the physical prnpc'rties of aluminum rhloride 
with its catalytic activity i.s made here. 

Molecular Structure 

Anhydrous aluminum chloride has been observed to crystallize in 
colorless pseudo-hexagonal plates,^ composed of three individuals twinned 
together with rhombic symmetry. The extinction angles were found to 
be 120“ apart. The apparent angle of the optic axes in air was observed 
to be about 12°. The crystals were optically negative. 

The structure of anhydrous aluminum chloride, purified by repeated 
sublimation under high vacuum, has been worked out in detail by 
Ketelaar.® An earlier structure analysis,® based on the Debye-Hull pow- 
der method alone and indicating a hexagonal structure, was shown to be 
incorrect. Optical study showetl the six-sided plates to consist of mono- 
clinic pseudo-rhombohedral individuals. In convergent polarized light a 
biaxial figure was observed. The double refraction was found to be nega- 
tive, and the angle between the optic axes is about 4“ in air. By x-ray 
examinalion of single crystals the monoclinic unit cell was observed to 

^F. Wohler, Pooo^ Ann, 11, 14B (1827). H. St. C. Deville and L. Tmnsr, Vnmpt, rend, 45, 821 

A. A. Kptflaor, Z. Kmt., N, 731 -Hi (18311; C. A., M, M13. 

•W. K. Iinshkarov, Z allge-m Chnn ^ W3, 270-276 (1030); C 1 , 25, BS4. 
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have the dimenaions a = 5.91 0.02 A, b = 10.24 ± 0.04 A, c = 6.16 

± 0.02 A, *= 71“ 21' ± 3', Z = 4. The apace group ia Ca® — C2. The 
structure can alao be referred to a pseudo-hexagonal unit cell with a = 5.91 
± 0.02 A, c= 17.52 ± 0.03 A, c/a = 2.97, Z = 6, with the apace group 
Dt® — H3i21 (or I>a®H322) . The chlorine atoms have a close-packed 
arrangement with rhombohedral symmetry. The aluminum atoms occur 
in pairs ( Al-Al = 0.64 A) surrounded by six chlorine atoms, thua forming 
a distinct AlaCle grouping within the crystal. The theoretical density 
calculated from the x-ray data is 2.49. 


Fiu. 1. 

ticlirmutic diawm^ of the 
sImuLuic of Aluminum Chlo- 
ride. Small nrclr?: aliiiiiiniiiTi 
Larfirp circles: chlonno. [J. A 
A. Kctclaar, Z. Knsl , 90 , 237- 
255 (1935).] 



Further ciyatal atrurture study has been made by Wooster,* who sug- 
gests that anhydrous aluminum chloride may exist in two forms; (1) a 
yellow modification, which is trigonal and isomorphous with chromic 
chloride, and (2) the white form, which may be triclinic and ia pseudo- 
trigonal. No corroborative data have yet been published. 

The density of eryalalline anhydrous aluminum chloride was first 
determined by Biltz ® to be 2 41. Later he found that this value was 
influenced by a partial solubility of aluminum chloride in the pycnometer 


Iw (IMIl: c. Z., 1I3S, 11, 1662 

w. BUU, Z. anorg, C/irm., 115, 241-252 ( 1021 ); J. Chem, 5oc. Abs., 120 (11), 457 ( 1921 ), 
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liquid. Using toluene, in which aluminum chloride is insoluble, he found 
= 2.44, and the molecular volume to be 54.7.^ A still later deter- 
mination of the density ^ showed a value of d = 2 465, which compares 
favorably with the x-ray determined value of 2.49. 



Fig 2. 

8rhrin<itic diuKrain of alu- 
liiinuiii chloririo 8uliil riielns 
aluminum. Open mdes: rhlu- 
line [W Laachkarew. Z 
anojg allgt 711 Chtm , 193, 270- 
276 (1930) 1 


Evidence in addition to the crystal structure analysis points to exis- 
tence of aluniniuin chloride as the double molecule, AIjCIh. This assump- 
tion is based on the fact that a linear relationship exists in the physical 
constants of all other halides, whereas those of the aluminum halides 
exhibit abnormalities.^ 

Schematic formulas are an aid in interpreting the properties of sub- 
stances, and what is said here may be instrumental in explaining some of 
the more complex associaled compounds of aluminum chloride, their 
formation, and subsequent reactions. 

Werner ® has proposed the following structural formulas for the con- 
stitution of aluminum halides: 


•\S Uilt/ anil W X tirwra (lum, 121, 21i7-26ri (1022). / rfitm Sor Ah^ , 122 (IT), 505 

( 1022 ) 

W llill/ mill () Ihilsiii'inii, X anorg allifim i him . 207, 371 0 (^.12), ('* A 26, 5H00 
^ W. BiU? anri Vt Wiin, loc nl 

* A. Wpitipr, ‘ Nfuiie AnnihauiinKen auf ilmi gebictc dm anorieaniHi hen Chnnic," p 00, beiiibeitel 
vtMi P Pfeiffer, 5 auff., Braunachwig, 1023. 
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Vapor density determinations show that the luRhest associated com- 
pound is the dimer, AloCln. Formula (II) is the more obvious schematic 
formula since it is discontinuous, whereas formula (I) can be con- 
tinuous.^^ 

Dipole moment measuremenls in organic solvents indicate that a 
dimer is present, which substantiates formula (II) as the structure of 
aluminum chloride in these soliitions.^^ 

The chlorine atoms of aluminum chloride do not all have the same 
reaction value. The two middle chlorines in formula (II) are partly 
screened off, whereas the other four chlorine atoms are not screened at all. 
The aluminum atoms are rompletely screened.^^ 

The organic complexes of the aluminum halides behave differently in 
different solvents. From a study of these behaviors Fischer and Tau- 
rinsch assign formula (II) to the concentrated solution of the complexes 
of aluminum bromide with 3 and 4 associated molecules of benzoazo- 
phenone in benzene; and formula (I) to their solutions in carbon disul- 
lide. In ether solution the bromide is symmetrical according to formula 
(II), and the chloride is given formula (I). 

The hypothesis of formula (I) is discussed by Madelung.*'* Older con- 
stitutional formulas are discussed by various workers.’" 

In the solid state the ])hysiral properties of aluminum chloride do not 
fall into linear relationship with the bromide and iodide becau.se 

(1) The melting point lies between that of the bromide and iodide. 

(2) The heat of fusion, in contrast to the bromide and iodide, is much 
greater. 

(3) The cubic expansion coefficient is small. 

(4) The LeCliatelier-Forcrand quotient of sublimation heat over 
absolute sublimation temperature is 60 jKiints abnormally high. 

(5) It is an electric conductor, whereas the bromide and iodide arc 
insulators. 

(6) It has an ionic stratified lattice, the others a molecular lattice. 

The bimolccular chloride is not a single ion but is built up of 


(1M2)^' Chew., BB, (lOSO); J. A. M. \aii liiompt, J?ec. (rar. c/iim., 51, 1131 

« « ■ -?''****®*^ wid 0. Rahlfs, Z. anarg, C/iem., 205, 32 (1032) 

NesP^tol. Z eltktrochem , 37, 561 (1031). K. Fajnna. Z. elektrochem., 34, 510 

^ Limipt, Ree. trav. chim., 51, 1182 (1M2) 
iBw A Tmirmsoh, Z anorg. Chem , 205, 310-311 (1032). 

^ (footnoto) (1022). 

('.jn. 25, 207 (1888). J. F. Heyea, Jahrt^brrxchtn, 50, (1888). 

I-**™ 7, 531 (1810). W. P. JdriHBPii, Chem. Weekhtad, 7, 1077 (1010) 

‘ W. liscliCT. Z. anarg. Chem., 300, 332 (1031). 
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and (AlClo)""' ions.'® Upon melting, the chloride undergoes a consti- 
tutional change from an ionic lattice to a molecular bond.'® The change 
is not complete, however, bemuse tlie eouductivity of tlie inoUen chloride 
is greater than that of either the bromide or iodide. Also the cubical 
expansion coefiScieiit is unusually greai.^” 

We must expect a similar change when the crystals undergo solution, 
since in solution the molecules arc free to move about one another as in 
the molten salt. The chloride has a normal Trouton constant, and must 
be associated in the liquid state as a double molecule, just as in the vapor 
state.®' Solid aluminum chloride is likewise bimolecular.®® 

The molecular state of aluminum chloride in the crystalline form 
differs from that of the molten salt, the molecules in the former being 
held together by stronger forces; this is shown by its high melting point. 


Density 

The density of molten aluminum chloride is d'®® 1.33, d®®® 1.31, d®'® 1.28, 
d 22 o 1.255, d®®® 1.23; and its molecular volume is 100. The coefficient of 
thermal expansion of the liquid is therefore 0 002. Biltz and Klemm®* 
gave the equation 

d = 132 - 0.0025 (f - 194) 

for calculating the density of molten aluminum chloride at any tempera- 
ture. Dilatometric measurements of aluminum chloride in mercury give 
the thermal coefficient of cubic expansion, (a), of this salt as 60 X 10"® at 
20-170'^.®* New determinations of the density of aluminum chloride at 
17°, —78°, and —183° by a gas-volumetric method give 53.3 for the 
molecular volume at —273°.®® The molecular volumes of the molten 
aluminum halides, near the boiling point, show a linear relationship when 
plotted against the molecular voliimc.s of the solid potassiiun halides.®® 


Melting Point 

The discovery that anhydrous aluminum chloride can be volatilized 
without melting was made by Liebig,®^ when he heated small quantities 
of the material under atmospheric pressure. When large quantities were 
rapidly heated the salt was found to melt and boil. 

The impure salt melts when heated under petroleum, forming a brown- 
isb-red liquid which does not dis.^^olve in the oil.®® In a sealed tube the 
resublimcd salt melts at 193-194°,®® Friedel and Crafts gave the melting 


^W. Blitz and A. Voigt, Z. anwg. CAem , 124, 43 (1BZ8). W Biltz, Z. anorg, Chvm,, 121, 204 

»W, Fisoher, Z. anorg, Chem., 200, 040 (1031). 

**W. Uanm and £. Tanke, Z. anorg. Cnem., 200, 837 (1031). 

J. A. M. van Liempt, Rec. trav. chim., 51, 1181 (1083). 

*W. BUts, loc. cit. 

*W. Biltz and W. Klmun, Z. anorg. aUgtm. Chem.f 152, 207-204 C1020); C, A., 21, B 

Klemm, W. TiJk, and S. V. MullaUBim, Z. anorg, allgem. Chem , 176, 1-22 (1028); C. A , 

’*0.' Hulamann and W. Biltz, Z. anorg. Ckem., 207, 871-370 (1032) • (7 A , 20, 5300 

BUti and A. Voigt, Z. anorg. Chm., lit, 80-68 (1028); J. Chrm. Sar. Aha., 124 (IT), 324 

(1025). 

JJ. ^ LiBbijr, Ann., 17, 48-61 (1836). 

• P, Wohler, Pogg. Ann.. 11, 140 (1827). 

•K. Beubert and W. Pollard. Ber , 24, 2676-2578 (1801). 
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point as 186-190° at 2.5 atmospheres,®** Kendall and co-workers 
obtained a sharp melting point of 190.2°, using carefully imrified alumi- 
num chloride. 

Boiling Point 

According to Liebig the sublimed vapor condenses at 180-185°. 
Scubert and Pollard found an apparent boiling of the resublimed salt 
at 175-179°, Friedel and Crafts determined the boiling point at sev- 
eral pressures as follows: 

B.p. (”0) 167.8 170.4 171.1 17J.9 175.7 1S2.7 204.2 207.5 213.0 

Pressurp 

(ram.Hg) 252.1 311.4 311.6 316.5 430.7 755.4 1703.4 2016.1 2277.5 

Critical Temperature 

The critical temperature was found by Rotinjaiiz and Suchodsky to 
be 629.5°K, the sublimation point 456°k, and the ratio Tc/Tn = 0.724. 
According to Smits and his co-workers the triple point occurs at 192.6°C 
and 171.5 cm of mercury, and the sublimation point is 180.2°. The log p, 
1/T relationship has been determined (see Fig. 3). Maier gives the boil- 
ing point as 177.8°.®^ 



Fia. 3. Triple -point Diagram of Anhydrous Aluminum Chloride 
t = "C; T = ®K; B = triple point. 

[Courte^ A. Smits, J. L. Meycring, and M. A. Kamermans. Proc, Acad. Sd. 
Amsterdamj 35, 195 (1932).] 

“C. FrWel and J. M. Craftg, Compt, rend.. lOS, 17S4-1770 (1B88). 

17, 1914*^®”™' K- Miller, /, Am. Chem. Soc., 45, 963-990 (1923); £?. A., 

Sa' “»d W. Suchodsky, Z. phyutk C/iem.. 37, 635-637 (1914). 

(1982^; C. U 4530*^'"^"*’ 5ci, .4?ni«rrrfoni, J5, 103-196 

“O. G. Maier,' Bureau of Mines Tech. Paper 360. 1-54 (1925); C. it., 20, 2003. 
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Specific Heat 

Thr ppccific hoai of anliydroiis uluniitiuiii rlilorirlo is 0.188 tlic boat 
of formation nf AloCln is- 321.87 ('aloriep/'*” anH for aluminum (■hloridt*, 
AlCIa, 167 (^alories.-'" 

Heat of Vaporization 

The lioal of vaporization given by Mnier is 26,380 cal./mole. Smits 
and his po-workers*® rei)ort tliat ihe brat nf sublimation is 27,400 raln- 
ries, the molar beat of fusion is 19,200 gram ralorics, and tbe molar brat 
of vaporization of liquid aluminum pbloride is 9600 gram ralories. Vay)or 
pressure determination after partial distillation shows that crystalline 
aluminum chloride behaves as a mixed rryslal phase. At higher temper- 
atures a transformation in the direction nf inner equilibrium is observed, 
and above the trii)le point a rapid establishment of inner equilibrium 
takes place. These investigators base their values on the vapor-tempera- 
ture curve for aluminum chloride. In his determination of the heat con- 
tent of aluminum chloride, however, Fischer'^** states that a linear rela- 
tionship can be u.sed only for liquid aluminum chloride, but not for the 
salt in its solid state. He reports 8.5 Calories as the molar heat of fusion. 

Vapor Density 

The vapor density of aluminum chloride at 350° and at 440° has been 
determined to be 9.34; the calculated value for A^Cln is 9.25.^® Between 
218° and 432° the value is 9.19.-**® At 350-600° the double molecule is the 
highest polymer present at 10 mm and at 700 Nilson and Pettcr- 

sson report that at more elevateil temperatures there is evidence of dis- 
sociation since 4.802 vapor density w’as found at 758°, dissoeiatinn being 
complete at 800°. The values found at 835° and 943° were 4.542 and 
4.557 respectively, corresponding to the molecular formula, AlCl-i, whose 
theoretical vapor density is 4.6. Above 1100° decomposition begins a.s 
shown by the following: 

Temperature (”0 218 3.50 432 440 758 835 943 1117 1244 1260 

Vapor density 9.19 0;S4 9.19 9.34 4.802 4..542 4.557 4.269 4247 4.277 

Meyer and Zublin,^'* however, state that it is partially dissocial cil above 

100 °. 


Molecular Weight 

Whether the molecular weight of aluminum chloride corresponds to 
AlClg or AlaClo has been the subject of some controversy. Friedel 


E. Baud, Ann. chim. phya. (8). 1, R (1904). 

•"J. Thomwn, J. prakt. Chsm. (t), 11, 233, 283 (1875); 12, B5. 271 (1B75). 

B^W. Kleniin and co-^orkprs, Z. anorff. altgem. Chetn., 200, 343-3M (1031); C. A., 26, 1887-1838, 
BBA. Bmita. J. L. MpyermK. and M. A. KanmrinaDB, ioc. eit.; Pror. Acad. Sci. Amsifrdam, 34, 
1327 (1931). 

BBW. Fiacher, Z. anorg. aligpm. Chem„ 200, 332-342 (1931); C. A., 26, 305. 

MJ. Bt. C. Deville and L. Troost, Compt. rend., 48, 821 (1857). 

W. Fiachar. 0. Rahlfn, and B. Bense, Z. anorg. allgcm. Chem., 205, 1-41 (1032); C. A., 26, 5247. 
L. F. Ndaon and O. Petteraaon, Z. phynik. Chetn,, 1, 450-464 (1887). 

^V. Meyer and H. Zublin, Ber., 13, 811-815 (1880). 


PHYSICAL PROPERTIES 


19 


and Crafts point out that the values obtained by Nilson and Pet- 
tersson^^ were in error since they were obtained by Victor Meyer's 
method. This method is exact only when there is no diffusion of the 
vapor into the air in the apparatus. At high temperatures, when the 
volatilisation is very rapid, projection and diffusion must take place to a 
considerable extent, followed immediately afterward by condensation in 
the cooled stem of the apparatus. Using the Dumas method, Friedel and 
Crafts redetermined the vapor density of aluminum chloride, taking 
special care to keep the compound perfectly anhydrous. Their values, 
at the temperature intervals 218°, 263°, 306°, 357°, 390°, 398°, 400°, 
415°, 429°, and 433°, agree closely with the value 9.24 calculated from 
the formula AloClo and confirm the earlier results of Deville and Troost."*^ 
The lower values for vapor density obtained at higher temperature by 
Nilson and Pettersson may be due either to the dissociation AI 2 CIB ^ 
2 AlCla, analogous to the dissociation of iodine, or to the decomposition 
AI 2 CI 0 AI 2 CI 4 + CI 2 , as in the case of ferric chloride. 

Roux and Louise say that the reason why Nilson and Pettersson 
never obtained a density corresponding to ALCln for aluminum chloride 
is that they started with a temperature of 440°, which is far above its 
boiling point. Aluminum chloride becomes a perfect gas at 218°, 35° 
above its boiling point, and its vapor density shows no sensible variation 
between 218° and 400°. It may be concluded^* that aluminum chloride 
has the formula AI 2 CI 0 up to 400°. 

Werner found that in pyridine solution the molecular weight corre- 
sponds to AICI 3 , and Beckmann obtained similar results using an ether 
solution.^* The formation of addition products with pyridine and nitro- 
benzene vitiates the molecular weight determinations in these solvents 
unless precautions arc taken to correct the results.'*® 

According to Biltz,”*’ the boiling point of the aqueous solution agrees 
with the assumption that the molecules are associated to not less than 
Al 2 Cle; but Kohler has shown that in water solution, or in any solvent 
that is known to combine with it, aluminum chloride has a molecular 
weight corresponding to the formula AlCla, whereas in an indifferent 
solvent like carbon disulfide, it has the doubled molecular weight. 

By the boiling point elevation method Coops used concentrations 
of aluminum chloride varying between 5.79 and 13.75 per cent in alcohol, 
and found the molecular weight to vary between 243 and 382, the mean 
of six determinations with diffcn^nt concentrations being 271.3. He con- 
cludes that the molecular weight is 267, corresponding to the formula 
AI 2 CIG, and assumes that the aluminum atoms are united by a single 
linking. 
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tfiedel anil J. M Crafts, Compt rt-tid , 106, 1764-1770 (1888); /. C/irm. Sor. Ab»., M. 1040 
SI 1 IWilIc Biiil 1 j. 'JiiJiNit, Vunipt II ml 45, 821 (1n7). 

Kuiix uiiil Fi Luujmi*, Hull lui Mfiim . 50, (J), 4i)7-.'il6 (1^); J (’him AW Ab% , 56, 757 

VVeiiiii, Z utiarg f'/dwi, 15, 1-41 llhMTj 
Hiikiimnn, Z. phy^iK i'him, 46, KOU (11108) 

P. Kollcr, Am. Chem. J.. 24, 38^ (IDOO) 

Bill*, Z. phynk. Chzm„ 40, 185-221 (1002), J Chvm. Soc. Ahs (IJ), 310 (1002) 

U. CooiiB, C/iem. Weekblad, 7, 345-851 (1010), /. Chem. Sor. .4riii . 98 (U), 506 (1010). 
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Olivier conBiders Coops’ results untrustworthy^ and attributes them 
to the use of a hydrated aluminum chloride. According to him, Coops 
has advanced no evidence in favor of the formula AI 2 CI 6 . 

Ulich,^^ studied the molecular weight of aluminum chloride and its 
complexes by freezing point and boiling point measurements in several 
solvents, including benzene, carbon disulfide, diethyl ether, nitrobenzene, 
diphenyl ketone, and acetyl chloride. Special precautions were taken to 
keep out traces of moisture. At great dilution the molecular size was 
that of the simple molecule; with increasing concentrations the salts 
showed strong association, in some cases exceeding double the molecular 
weight. Beckmann has reported that the moleculai* weight in diethyl 
ether corresponds to the formula AlCla- 

It may be concluded that the molecular state of anhydrous aluminum 
chloride is the dimer, Al 2 Cla, when solid, liquid, or gas below 440°. At 
temperatures between 440° and 800° a mixture of the dimer and monomer 
is in equilibrium. Only the monomer exists between 800° and 1000°. 
Above 1000° the monomer is somewhat dissociated. The dimeric state 
occurs in solution if indifieront solvents, such as carbon disulfide, are 
used. In solvents that are known to combine with it, such as water, pyri- 
dine, nitrobenzene, and diethyl other, anhydrous aluminum chloride exists 
only as a complex with the solvent. The molecular state of the aluminum 
chloride in this complex is usually the monomer in dilute solution, but at 
increasing concentrations dimeric association occurs. 

Optical Studies 

Jevons notes that active nitrogen excites phosphorescence in alu- 
minum chloride. Krepelka observed a bright green phosphorescence 
when aluminum chloride, freshly prepared from aluminum and chlorine 
in a tube through which nitrogen liad been passed, was gradually cooled 
in nitrogen. He ascribes the phenomenon to the activation of some of 
the nitrogen by the violent reaction of the chlorine left in the tube with 
the aluminum. 

The band spectrum of the uncondensed discharge through aluminum 
chloride has been studied, and a characteristic group of bands near wave 
length 2610 A being shaded toward the red has been found.^^ 

It was determined by use of a sector i)hotomcter designed by Lewis 
in conjunction with a quartz spectrograph, that the ultraviolet absorption 
band of aluminum chloride in aqueous solution has i(s head near 2730 
Bhaduri and Fowler studied the emission spectrum of aluminum 
chloride at high dispersion, using vacuum tubes with aluminum elec- 
trodes. They report a band system extending from 2555 to 2810 A with 

■>s. C. J. OliviEir, C/iLtn. Weekblad, 7, 378 (101U); J. Cfiem. Soc, Abw, (11), 507 (1010). Q. H. 
Coops, C'/iem. Wwkblad, 7, 1D71-1070 (IBIO); /. C/irm. Soc. Abn , 100 (11), 116 (IBll). 

^1. H. Ulich, Z, vkyiik. Chsirt. (Buimatwn^Fwiband), 423-431 (1031); C. A.^ 20, 808. 

M W. Jevons, Nutur*-, 111. 705-700 (1023). 

^U. Kicpelkn, Nature, 112, 134 (1023). 

MW. Jevons, Kol Roy. Sec. Lxmdon, 106A, 174-l'M (1M24). 

H. Getmnu, /. phye. Cham., 29, 868-804 (1025); C. A„ 19, Zm. ^ 

mb. N. Bhaduri and A. Fowler, Broc, Roy, Sot.. London, 145A, 821-330 (1034); BrU, Cht,m, 
Abatracti A, 888 (1034). 
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itB greatest intensity at 2610 A. Most of the bands are degraded toward 
the red; but there are two strong short sequences of bands of the same 
system which are shaded in the opposite direction. The heads of the 
bands occur in pairs which have been interpreted as representing R and Q 
branches. The main bands due to the molecules AlCl are associated 
with bands due to AlCl.®'^ 

Mahanti made measurements on greatly dispersed bands in the spec- 
trum of aluminum chloride. He says the vibrational levels could be ana- 
lyzed.**® 

Bredig and Koch measured the refraction and dispersion of gaseous 
aluminum chloride in the visible region at temperatures from 230-300°. 
They discuss an arrangement for reducing vibrations in the interferom- 
eter used, and conclude that a decrease in refraction increases with 
increasing deformability of halide ion. 

In a study of the relation between absorptive spectra of metallic ions 
in aqueous solution and their valence, Crymble found that metals pos- 
sessing only one valence are non-absorptive down to a wave-length of 
2350 A when using a 10-mm layer of the molar solution of the metal, 
whereas metals possessing more than one valence absorb in this region. 
An aluminum chloride solution belongs in the non- absorption class, 
although it has a slight absorption between wave-lengths 2500 and 2350 A. 

Aqueous solutions of several metallic chlorides, including aluminum 
chloride, absorb light selectively; the wave-length corresponds to the 
head of the absorption band of each salt, being approximately 2730 A. 
The presence of this characteristic absorption band throughout a series of 
chlorides was shown to be due to the metal and not to the common ion. 
Absorption does not follow Beer’s law. The calculated molecular extinc- 
tion coefficients increase with the atomic weight of the combined metal.®® 

The molar refractivity of aluminum chloride in nitrobenzene solution 
differs from that found in water and from that of the solid salts, suggest- 
ing formation of complexes with the solvent. Corresponding differences 
are found when other non-aqueous solvents are used."® Emission of posi- 
tive ions by aluminum chloride occurs only below 450°.®^ 

Conductivity of Anhydrous Aluminum Chloride 

Schmidt®'"* found that the vapors of aluminum halides are electrical 
conductors, and that tlie conductivity increases rapidly with rising tem- 
perature. At low potentials the current through the vapor is proportional 
to the applied voltage, reaching a saturation current at a sufficiently high 
applied voltage. When still higher potentials are applied, collision ioni- 
zation occurs, and this stage is succeeded by luminous discharges. 

C. Mahanti, Z. phyaik., B8, 580-5.10 (1004); C. A. 28, .1334 

■■M. A. Bredic and F. K. V. Kgeh, Z. physik. Chrm., B24, 303-154 (1034); C. A.. 28. 2585. 

" C. R. Crymble, /. Chem. 5dc., 101, 260-273 (1012). 

H. Oetmon. /. Phyn. Chem,, 29, 853 - 864 (1025). 

^ * V. A. Plotnikov und I. M. Fodorvan. Afem. Irmt, Chrm. Vkrain. Acad. Set., 3, 160-100 (1038); 
C. A., 31, 8084. 

«*0. Goasmun, Z. Phyeik.. 22. 278-274 (1024); /. Chem. Soc. Abu , 126 (TT), 292 (1024). 

*G. C. Bohmidt, Ann. phyBik. (4), 33, 401-443 (1011); /. Chem. Sor Abn., IQO (11), 788 (1011). 



22 


ANHYDROUS ALUMINUM CHLORIDE 


Bryan measured the conductivity of flames charged with aluminum 
chloride. Woiiler and Buff®"^ .stated that fused anhydrous Hluniinuin 
chloride can be electrolyzed, llampe®'' staled that, if rjuilc pure, the 
molten salt does not conduct electricity. 

In the case of solid and molten aluminum chloride Biltz and Voigt®® 
found the electrical conductivity of crystalline aluminum chloride to 
increase with temperature from a zero value at room temperature to a 
maximum at the melting point. On melting, the conductivity drops 
abruptly to zero, and slowly rises upon increasing the temperature of 
the molten salt. From this behavior they conclude that in the crystals 
of aluminum chloride an ion lattice exists, the ions being and 

(AlCln) ", which combine on melting so that the melt consists almost 
entirely of the molecules, AloClo- Their results are tabulated as follows: 

(Tfest oont’d on p. 2fl) 

Aia, (m p. lM-105^ , 

Bpecifir Equivaltnt 

Tmip. ("O Comluotivity (X 10-®) Condurtn itv (X 10"®) 


146 

0^ 


164 

0.7 


189 

2.6-5 .0 


194 ( m . p .) 

0.45 

15 

200 

0.56 

19 

209 

0..66 

23 

218 

0.76 

27 

227 

0.86 

31 

236 

0.96 

35 

245 

1.1 

41 


Klemm found a specific conductivity of 0.45 X 10 ® mho at the 
melting point; and he reported that the absolute temperature coefficient 
of equivalent conductivity is 0.5 X 10"® mho. 

Biltz and Klemm point nut that solid aluminum chloride has a 
negative temperature coefficient of conductivity, and attribute this to a 
repression of ionization. Molten aluminum chloride consists essentially 
of molecules; and crystalline aluminum chloride contains an appreciable 
quantity of auto complex ions. Their equation for the equivalent con- 
ductivity of molten aluminum chloride at any given temperature is 

- = 15 X 10 ^ + 0.5 X 10 "* {t - 104 ) 

3 

In their study of the equivalent conductivity of the halides of the ele- 
ments, the equivalent conductivities at their melting points were taken 
as the basis of comparison of the different salts. If these conductivities 
are plotted against temperature, the halides of the main groups of the 
periodic system will fall in the region of high temperature and liigh con- 
ductivity; the halides of the minor groups occupy an intermediate posi- 

®® A. B. Bryan, Phv%. Puv. (t), U, 275-291 (1921). 

^ F. W5hler and U. Buff. Ann., 103, 218-220 (1857). H. Buff, Ann., 110, 257-288 (1850). 

®®W. Hampe, Ckem Zty., 11, M, OM (1887); /. C/irm. Snr Ab*., 54, 211 (1888). 

®^W. BilU and A. Voigt, Z. anorg. Chem., 128, 30-53 (1023); /. Chem. Soc. Ab«.. 124 (11), 824 
(1023) 

Klnnm, Z. anorg, aUgpm. Chem., 152, 252-286 (1026). 

n W. Blits and W. Klenim, Z. anorg. aUgem. Chem., 152, 287-204 (1028) ; C. A., 21, 0. 
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lion; and the halides of the unsaturated compounds come in the region 
of low temperature and low conductivity, A diagonal, step-wise line 
across the periodic table separates the good from the pour conductors as 
follows: 

HCl 10^ 

LiCll BeCI2 
166 1^0.086 

MeCU AlCla Rrgion of pour 

oQ B 15 X 10"* cunduciors 

Slcir-| TiCl. 

15 I 0 

Zirin TaCU WCI. 

Region of good Tffri. I 3 X 10 ’ sp. ronrl 2 X IQ-* sp. cond. 

conduplors ThCU UCb 

16 0 34 8p. cond. 


The lower chloride of a metal conducts better than a higher chloride of 
the same metal. Good conductors have high melting points; their melting 
is teriiicd ionic fusion. That of the others is termed molecular fusion, 
although the ionizations and mobilities vary from one extreme to the 
other. 

Klenim and co-workers,’^- in a study of the aluminum halide ammo- 
niates, found that the conductivity coefficient indicates that the salts, 
when melted, are intermediate between the molecular and the ionic 


Temp. (“O 




Kpec. Cond. (X 10-*) 


136 

161 

175 

178 


1.43 

2.03 

2,37 

2.46 


states. The conductivity (d the halides coiiii)ares as follows: AlCls.NHa > 
AlBra.NHa > AII3.NH3. 

Izbekov and Tschovnik measured the decomposition potentials of 
metallic chlorides in fused aluminum chloride and in AlCla-KCl as sol- 
vents. The decomposition potentials i)i chlorides in both solvents of the 
metals investigated were found to be in the decreasing order, aluminum, 
cadmium, silver, antimony, tin, and bismuth. They also found that the 
tlccomposition potential of a fused halide is scarcely changed by the 
addition of another halide of the same metal. However, the decomposi- 
tion potentials of halides of tin and aiitiiiiony, and to a smaller extent 
of bismuth, arc altered by the addition of aluminum chloride or aluminum 
bromide. Mixtures of two halides of the same metal do not conduct if 
their components are non-conductors; but the system AlXs-SbXg and 
AlX3-HgX2 (X = Cl, Br) are conductors, although their components are 
not. 


'^‘‘W. KleiTim, K. Clduaeu, aiid H. Jacubi, Z. avont C/iPin.p 200, 307-384 (1031). 

71 V A. Izlifkov and N. G Tnchovnik, Mem Jiiat, Chem. Ukratn. Acad, Sci., 4, 57-70 (1037); 
^rU. Chem. Abetrarta A (1). 530 (1D37) 

„ Y;, A. UbpkDV and N. G. Tsohovnik, A/cm. Jnet. Chem. Ukram. Acad. Sci., 4, 71-83 (1037): 
Bnt. Chem. Abeeracta A (I), 520 (1837). 
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Solvents for Aluminum Chloride 

Information concerning solubility of aluminum chloride in non-aque- 
ous solvents is summarized in the following tabic. Rather detailed studies 
have been made of many non-aqueous solutions of the salt. 

(Teit Dont'd on p. 26) 

Table 1. Solubility of Aluminum Chloride in Non-aqueous SolvenLs. 

p = soluble 
BJ5. - alightly soluble 
V — very soluble 
in.8. — moderately soluble 
i — insoluble 


Solvent Solubility 


Carbon disulfide 

0 J g. in 1 liter 

Carbon disulfide 

uQilcr 2% 

Carbon disulfide 

b.6. at b.]). 

Chloroform 

0 1% at 0’ 

Chloroform 

about 10% 

Carbon tetrachloride 

0 7% at 4" 

Carbon tetracliloridc 

under 2% 

Phosgene 

b 

Phosgene 

.>>5% at 25" 

Methyl iodide 

B 

Ethyl chloride 

a 

Ethyl bromide 

B 

Ethyl iodide 

ta 

Ethylene dichloridc 

under 4% 

osi/m .-Tetrachlor 0 - 

ethane 


n-Propyl chloride 

B 

Isopropyl chloride 

s 

n-Propyl iodide 

s 

Butyl chloridp 

B 

Isobutyl chloride 

ili 0“ (dc'ccjiiip, 

Isobutyl chloride 

h 

Amyl chloride 

b 

Isoamyl chloride 

s 

Hexyl rhloride 

B 

Cyrlohcxyl chloride 

S 

Ether 

s 

Ether 

i) g. ill 1 cc. 

Methylal 

i 

Methvl alcohol 


Ethyl alcohol 

V.'?. 

Ethyl alcohol 

b (dccomp.) 

Ethyl alcohol 

B 

Ethyl alcohol 

B 

Elhyl alcohol 

B 

Ethyl alcohol 

.5 g. in 1 rc. 

Oeuanthyl alcohol 

b H. 

Dn'thylene glycol 

above 10% 

Acetic acid 

13% 

Ethyl acetate 
"Celloaolve" acetate 

i 

above 50% 


Nature tif Study and 11 (•iiiai ke Ki'f Nu. 

45 

2° temp I'lhc uok'd; no 
color cli:ingo 29 

12, 13 

14 

bulls; no color change 29 

........ 14 

2” temp, rise; no color 
change 29 

15 

16 

36 

_ 36 

complex formation and 


conductivity 36 

36 

3*’ temp, rise; pale straw 
color 29 

46 

conductivity 26 

conductivity 26 

30 

conductivity 37 

conductivity 38 

conductivity 37 

conductivity 37 

conductivity 37 

conductivity 37 

conductivity 26 

3,17,41 

boils; dark purjJlc boJulion 29 

23 

boils; white ppt. 29 

3 

27 

28 

viscosity of solutions 34 

cbullioSGopic solvent 35 

boils; pale yellow color; 

solidihea 29 

conductivity 30 

30“ temp, risp; colorless 
solution 29 

pH of solution 18 

22 

30“ temp, rise 20 
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1. — Continued. 


Solvrnt 

HoliibiliLy 

Nftture of HtuHv and Romnrkji 

Acetonitrile 

S 


Acetyl chloride 

V.S. 

conductivity 

Acetone 

B 

Acetone 

36.5% at 18° 

conductivity 

Methylacetone 

a 

conductivity 

Mesityl oxide 

a 

conductivity 

Acetaldehyde 

8.S. 

conductivity 

Paraldehyde 

B.B. 

conductivity 

Valeraldehyde 

Bja. 

conductivity 

Crotonaldehyde 

8.S. 

conductivity 

Ethyl nitrate 

a 


Nitromethane 

3 g. in 5 ec. 

1" temp, rise; dark purple 

Halowax 

.5 g. in 2 cc. 

Gasoline 

B.S. 

solution 

6" temp, rise; red color 

Petroleum ether 

B.S. 

1" temp, rise; faint yellow 

Ligroin 

g. in 4 cc. 

color 

8" temp, rise; very faint 

Vamoline 

S.S. 

yellow tinge 

2" temp, rise; red color 

Phenylcyclohexonr 

5 g. in 1 cc. 

15" temp rise ; red oil 

Benzene 

0 72% at 80° 

after one hour 

Benzene 

K.S 

2" temp, rise; olive green 

Benzene 

Toluene 


color 

3" temp, rise; greenish yel- 

Toluene 

0.92% at 73" 

low color 

Toluene 

i 

measurement of density of 

Ainylbenzene 

B..S. 

aluminum chloride 

3" temp, rise; red, insolu- 

Xylene 

B.S. 

ble oil 

5® temn. rise; heavy red 
oil after one hour 

Bromobenzene 

i 

Chlorobenzene 

Nitrobenzene 

VJ9. 


Nitrobenzene 

B 


Nitrobenzene 

a 

refraction of AlGli 

0 -, P-, and m- 
Nitrotoluenea 

a 


o-Nitrotoluene 

B 


0 -, and w- 
Chl or onitrobenzenes 

S . 


0 -. jh, and m- 
Nitrobenzenea 

a 


Benzotri chloride 

stable sol. below 40" 



Bpnzonitrile 
Benzonitrile 
Benzoyl chloride 
Benzoyl chloride 
Acetophenone 
Benzophenone 
Benzaldehvde 
Cinnamaldehyde 
Aniaole 
Pyridine 
Liquid chlorine 
Liquid chlorine 
Liquid ammonie 


.5 K. in 1 cc. 

VJI. 

B 

a 

fl 

mj. 

m.B. 

a 

n 

i 


20" temp, rise; colorless 


conductivity 


n«*r. Nil 

19 

26 
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Table 1. — Concluded. 


Bolveiit 

Riilubildy 

NiUuii' nf Rrndv mill nniiRiks 

Rtf N> 

Anhydrous hyilnuinr 

1% «l room tcini). 


11 

Liquid iihoRpbiiir 

i 


5 

UydroKi'U fluoride 
Liquid hyili'OKun 

h (drcuiuji.) 


44 

sulfide 

Liquid hydrogen 

i 


S 

sulfide 

Liquid hydrogen 

in.3. 


9 

sulfide 

BA. 


in 

Sulfur In oxide 

S 

cbullioscQpic solvent 

to 

i 

Sulfuryl chloride 

S 

ebulliusropiL* sol veil L and 
ponduftivily 

7,43 

Chromyl chloride 

S 

rbiilliuscopic bulvent 

7 

Vunadium oxychloridr 

i 


6 
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PaoPKnTiEs OF Aluminum Chloride Solutionb 

In Etlianel 

AJuminum cliloride ban been reported to be easily soluble in etbanolj’’ 
but accordinf; to other investigators ™ tbe solution orcurs only under 
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simultaneous decomposition and evolution of hydrogen chloride. The 
density and conductivity of alcoholic solutions have been determined by 
CattaneoJ*^ 

Viscosity measurements were made by Dolian on solutions of several 
metallic chlorides in pure and mixed solvents. The relative increase in 
viscosity of ethyl alcohol solutions of these chlorides is in the order 
NiCU > AICI 3 > C 0 CI 2 CUCI 2 > FeCls > CdCl 2 > SnCl 4 > HgCls. 
Predicted from molecular weiglits, the relative effect would be smaller 
for aluminum chloride. This anomalous behavior of aluminum chloride 
may be explained by its greater power of forming solvates. 

In Acetone 

The specific electric rondnctivity in reciprocal ohms of a solution 
secured by dissolving 3 AlCl 3 , 5 CII:jC()CH 3 in acetone has been determined 
at 18° for solutions containing 14.22-36.48 iveight per cent of aluminum 
chloride. Maximum conductivity was secured with solutions containing 
1 mole of aluminum chloride in about 10 moles of acetone. Complex 
soluble compounds were jiresent in solution; upon sufficient dilution these 
were decomposed into [AUCHaCOCHsJeJ^^* and Cl' ions."'® 

In Chloroform and Carbon Tetrachloride 

Lloyd gives the following data on the solubility of aluminum chlo- 
ride in carbon tetrachloride and chloroform. 


Tpmp. 

Solubility of AlCls 

CCl, 

CHCI, 

(p/l) 

("C) 

(g/i^ 

-15 


0.65 

0 


1.00 

4 

0.74 


14 

0.22 


20 

0.15 


25 

• - ■ 

0.72 

34 

0.06 



In Phosgene 

Vapor tension curves at 0 °, 25°, and 250° for aluminum chloride in 
l)hosgcne solution were preparetl by Oermann.**^ There is appreciable 
vapor pressure lowering with increased concentration of aluminum chlo- 
ride. The data indicated AI 3 CI 0 as the formula for aluminum chloride in 
phosgene solution. 

The densities of solutions of aluminum chloride in liquid phosgene 
are ; 


CulUmij, All, Arrail Torino, 28, 027 (ISOa-B), Lfnr. f'i). 4, U. 00 fl895). 

(X). 22 n93ai*““* ^ fVi#m, 41, 1129-1128 (19,l7j; Chnni. AbMrarta^A, 

M. 1. UsBliakiiw, Z. nninq. (Uum, 183, 144, 147 (1929). 

■'* rhtm., 22, m)-m (I 9 i 8 ): r a , 12, 1433. 

M A “"'I G- U. Mcliitvie, /, rhyB. Chrm., 29, 102-10G (1U2S), C. A.. 19. 920. 

“A. F. 0. Qenniimi, J. Phy^. Chew., 29, 139-141 (1925); C. A., 19, 1217. . • i v«i. 
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-Denntia 


% AIGU in phoflgsne 

' at 0“C 

Bt25'C 

ODO 

1.4275 

13685 

2.07 

1.4422 


2.99 


13861 

46.33 

1.6473 


46.53 


1.6088 


Electrolysis of phosgene solutions of aluminum chloride yields the prod- 
ucts carbon monoxide and chlorine.^^ The specific conductivity of the 
solvent is 0.7 X at 25° and that of the saturated solution of alumi- 
num chloride 0.7 x 10~^. The volume of products, chlorine and carbon 
monoxide, collected together, corresponds to 65-70 per cent of the volume 
calculated by Faraday’s law. The author explains this on the grounds 
that the gases recombine to form phosgene because of the action of light 
and the catalytic influence of aluminum chloride.^^ 

In Aromatic Compounds 

According to Menschutkin,®*** the solubility of aluminum chloride in 
benzene at 17° is 0.12% and at 80° is 072%; in toluene it is 0.26% at 
17° and 0.92% at 73°. Bruner®® has reported, however, that aluminum 
chloride is insoluble in benzene and bromobenzene. 

Menschutkin has studied the solubility of aluminum chloride in 
nitrobenzene and its derivatives, noting the formation of complexes. The 


MdIq % Al(^ 

Crjeit all IBB lion T 

0.0 

53 

4.1 

4 

9.5 

2 

133 

10 

lej 

16 

21.1 

20 

28.8 

2&A 

303 

35 

32.4 

45 

34.7 

55 

37.fi 

65 

41.1 

75 

45.9 

85 

47.7 

88 

5U.U 

90 

51.7 

88 

53.6 

82 

56.0 

72 

573 

62 

59.6 

52 

603 

70 

62.1 

90 

633 

no 

66.9 

130 

70.7 

100 

78.7 

180 

100.0 

194 

anenct, 61, 71 (1925); 

C. A,, 19, 705, 


(eutectic) AlClo,0.953CJi.NO. 


«A, F. O. QmnBiin. BctencM. 11, 70-71 (1925); C. A., 19, 770. 

«B. Mnischutlci]i, /. Aimv. Phyt.-Chem. 3oc., 41, lOaO-lllO (1900); C. Z , 1910, I, 108. 

••L. Biiuier, Z» phut. ChHm., 41, 838 (1909). 

"B. Mcnsehutlcm. 7. Aum. Phys.-Chum. Soe., foe. ctl.; 42, U-94 (1010); C. Z., 1910, I, 1940-1943. 
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foregoing ciystallization temperatures are given for various concentra< 
tions of aluminum chloride in nitrobenzene: 

The constants for solutions of ahiininuin chloride in o-chloronitrobcn 


zene are: 


AIdIp % AlClg 

('ry.s(Hlli 2 ntion 1 

rpmp. (‘C) 

0 

32.5 


11^ 

27 


1B.4 

21 


231 

15 

(eutectic) AlCh,3.33o-C^H4Ci.NO] 

25£ 

25 


2B.B 

35 


31.9 

46 


35^ 

55 


38.7 

65 


42.G 

75 


47.4 

85 


50.0 

89 

(dystectic) AlCla,CJl«ClNOs 

52.8 

85 


65.7 

77 

(eutectic) AlCli.0.7lC:ai«ClNO, 

58.5 

69 

59.7 

90 


61.9 

no 


64.5 

130 


69.0 

150 


75.6 

170 


77.6 

175 



Crystallization diagrams were also prepared for solutions of aluminum 
chloride, wi- or p-chloroiiitrobenzeno, o-, iri-y and p-broinonitrobenzene, 
and 0-, m-j and /j-nitrotoliiene. Eutectic points are given: 


Solvent 

m-chloronitrobenzpnc 

“ (dyatectic) 

fM'hloron j ir obenzen e 
(1 

“ (dystpctic) 
cj'-bromonitrobcnzpne 

u 

“ (dysiectiR) 
m-bromonitrobenzene 

f( 

(dystectic) 

7 >’broni onitrobenzene 

ri 

“ (dystcctic) 

n-nitroto1uDne 

(I 

" (dystectic) 
m-mtrotoluene 

u 

" (dystectic) 
^nitrotoluene 

u 

" (dystectic) 


■KuU'ctic PDint- 


Temp. C"C) 

Mole % AlCl., 

36 

19.0 

81 

50.8 

104 

50.0 

68 

19.5 

94 

62.1 

126 

50.0 

20 

24.3 

80 

41.2 

100 

58.0 

47 

16.9 

97 

57.6 

116 

50.0 

99 

30.2 

113 

62.7 

145. 

50.0 

-9.3 

1.0 

45 

62.1 

99.5 

50.0 

13 

7.9 

45 

621 

99.5 

50.0 

37 

192 

45 

64.6 

109 

50.9 


Addition Compound Formed 

AlCl.,4.26m-Cja4CmO. 

AlCl.,0.67m-C.H.ClNO, 

AlCL,7n-C^.ClNOi 

AlCI.,4.13p-aH.ClNOi 

AlCU,0.6l7i-C.H.ClNOi 

AlCI.,j)-C.H.ClNO. 

AlClsiS.lo^CiiHiBrN^ Oi 

AlCLi,0.77o-C!,H4BrNO> 

AlCLiO'OiHiSrNOi 

AlCl.,4.927n-CJI.BrNO, 

AlCk,0.7377?-C.HiBrNO. 

AlCkiTTwCiABrNO, 

AlCL.,231-p-C.H.BrNO. 

AlCliiiOAQp^OiHifirlTOi 

A]C;L,.p-CABrNO, 

AICI.,ggX)o-C.H.GHJ70, 

A]Ck,0.61o-CVH.CHJ^O. 

AIC].,o-C.H.CH.NO. 

AICk,llftm-CJI.C!H,NOi 
AlCh,0.61m-CaH.GHJ7O. 
AlGlaiTn^GtHiGHsTf Oi 

AIC1..4^1p-G.H.GH.NO. 

AlG].,0JS6p-G.H.CHJ7O» 

A1GL,,>-C.H.CH.NO. 
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roporU'd 


on aluminum 

chloride in benioyl ( 

WriKht'Jr Ain, 

Civiitalli/iitimi Tmip (°C) 

0 

-0J> 

7D.fi 

-4 

12.7 

— 7j) (eutectic) 

14.1 

0 

163 

10 

ISA 

20 

21.6 

30 

25.5 

40 

2SA 

50 

300 

60 

37.5 

70 

42.2 

80 

47.1 

90 

48.7 

93 (clystecLir) 

50.G 

90 

52.9 

80 

67.2 

60 

61.0 

40 


Data on solubility of aluminum chloride in bonzophenone follow 


Mole % Ain 1 

Cry^tallicatKin T 

0 

48 

11.1 

44 

200 

395 

25 5 

60 

29.8 

80 

36.3 

100 

44.4 

120 

46 6 

125 

500 

130 

53 3 

125 

64 5 

120 

581 

100 

60.9 

80 

62.2 

70 

635 

60 

64.2 

80 

65.3 

100 

669 

120 

69.9 

140 

72.1 

150 

74.9 

160 

78.4 

170 

83.3 

180 

871 

185 

91.7 

190 

94.8 

192 

lOOX) 

194 

a study of 

ionization and i 


(dyatertip) AICJi CJTbCOCbHb 


(rutectir) A1CI,,0 


that ionization is not the primary factor influencing the Fricdel-Crafts 
reaction. The conductivity of solution*? of aluminum chloride in o-nitro- 
toluene and in anisole arc compared witli their rates of reaction which are 
indifferent for the nitro- compound and very rapid for the anisole. 


«B. Men%<sbulkin. / Rum Phyt Chvm, Soc , 42, 1310-1318 (1010); C. Z , 1911, I. 401. 

•B, MenHchutkinr Jnu>ie»tja de Peternburutr PtdifterhiukumH, 13, 1-10; C. Z , 1910, II, 154. 
■«J, W. Walker, /. Chem. Soc , 15, 1002-1008 (1004). 
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Molecular Couductivities 


- In o- 

nitrotoliii’nr - 


■ In anisole s 

Volume in liten (V) 

Molecular ound. (a) 

V 

A 

1.15 

0.6 

021 

0.026 

2.30 

0.8 

0.62 

0226 

4.00 

1.1 

0.78 

0.023 

9.20 

1.5 

0.90 

0.019 

18.40 

22 

126 

0.018 

36.80 

3.7 

1.55 

0.012 

73.60 

42 

1.97 

0.010 

14720 

1.9 




Plotnikov and Vaisberg have studied the conductivities of alumi- 
num and antimony halides in nitrobenzene solution, finding the solutions 
to be good conductors. For aluminum chloride in nitrobenzene the specific 
conductivity passes a maximum. For the ternary system aluminum 
chloride-antimony bromide-nitrobenzene the specific conductivity is less 
than when the antimony bromide is omitted. Dilution of the ternary 
system with nitrobenzene changes the conductivity in the same manner 
as it would the binary system, aluminum chloride-nitrobenzene. That is, 
the third component of the system only qualifies the change in con- 
ductivity. 

The specific conductivity of aluminum chloride is greater in benzene 
than in nitrobenzene, according to Plotnikov and Gorenbein.®^ It rises 
with dilution, and with incroa>iug concentrations of added alkali halides. 

In Acid- and Alkyl Halides 

Ionization is consequent to chemical reaction, as shown in the reaction 
of benzoyl chloride with anisole, using an anisole solution of aluminum 
chloride and adding a mole of benzoyl chloride for each mole of aluminum 
chloride present. Comparing conductivities before and after reaction 
N 

with — KCl solution they found an increase from 1/50 to a conductivity 
50 

somewhat greater than the value for the standard KCl. The molecular 
conductivity for the resulting complex of the ketone with aluminum chlo- 
ride w^as calculated to.be: 

v A 

0,727 2.0 

1.142 2.3 

Similar results were obtained when benzoyl chloride was rei)laced by 
acetyl chloride and thionyl chloride. Considerable conductivity could 
be detected for .solutinns of aluTuinum chloride in methyl iodide, ethyl 
iodide, n-propyl iodide, ethyl bromide, and chloroform. For ethyl bro- 
mide solution of aluminum chloride tlie resistance whs least and the 
following quantitative data were obtained: 

V. A Plotnikov and R. G. VtXaherg, Mem. Inut. Chem. Vkrain. Acad Sci.. 3, Nu. 3, 337-356 
(1936); r. A., 31, 5689. 

"^V. A, Plotnikov and E. Ya. Gorcnbi-in. Mem. ItibC. Chem, Ukrain. Acad. Set., 3, 471-4B7 (1936); 
0. A., 7764. 



32 


ANHYDROUS ALUMINUM CHLORIDE 


V 

1.6 0.7 

82 OA 

Addition of clilorofortn or carbon tetrachloride to tlie solution of alumi- 
num chloride in ethyl iodide caused an increase in conductivity as well 
as chemical reaction. A solution of aluminum chloride in a mixture of 
ethyl bromide and carbon tetrachloride conducts just as well as when 
ethyl iodide is used. Chemical action is much slower in this case, how- 
ever. The facts agree best with the hypothesis of an intermediate com- 
pound which undergoes rearrangement to a more stable system, the 
method of rearrangement depending on a molecular, and not an acci- 
dental, ionic dissociation of the complex. 

With ethyl bromide as solvent one mole each of aluminum chloride 
and benzene or naphthalene was added and the molar conductivities 
determined as based on the aluminum chloride present. 


- Deiurne- 

V 

Napli 

ithalenc ^ 

Col nr 


1 

39 

very deep red 


2 

2.3 

VDiy deep red 


3 

4.9 

medium red 


4 

5.4 

quite pale 


8 

3.5 

almost colorless 


Evidences of chemical change with dilution are sliaip change of color, 
and maxima and minima on the conductivity curves. Further study 
reveals that ether in the ethyl bromide combines quantitatively with the 
aluminum chloride mole for mole, and that the sharp changes in color 
and conductivity observed upon adding portions of aluminum chloride 
to ethyl bromide-aromatic hydrocarbon mixtures were entirely due to 
this impurity. With carefully purified materials neither maxima or 
minima nor color changes were observed, as seen in the following table: 


Naphthalene (0.8074 g in 6 cc of ethyl bromide) 


A\Ch 

(«) 

nrantance 

(olinifl) 

Color 

V 

(infiuh) 

0(K220 

2730 

deep red 

30 34 

4 44 

.0420 

1128 

deep rod 

15.90 

5.64 

.0870 

300 

deep led 

767 

724 

1795 

161 

deep red 

3 72 

923 

2335 

80 

deep red 

2.00 

10 20 

.4050 

60 

deep red 

1.65 

10 86 

.4880 

50 

deep red 

137 

10.88 

.5445 

47 

deep red 

1226 

10.40 


By the addition of aluminum chloride, representatives of two classes of 
substances, namely, the alkyl halides and the aromatic hydrocarbons, 
which have been regarded as media incapable of sliaring directly in the 
production of ions, have been shown to beeome good eonrluetors. The 
pundiictivity has been traced lo the formation of comiKninds bv virtue of 
the potential valence of certain atoms which they contain. The forma- 
tion of these conii>ounds and their comparative stability in the Friedel- 
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Crafts reaction is evidenced by the fact that very little acid is evolved 
until the concentration of aluminum chloride passes a certain value. In 
some instances, therefore, the proof seems conclusive that chemical reac- 
tion is the cause and ionization the effect of subjecting the substances 
selected to those reactions to which experience has shown them to be 
peculiarly liable. If the aromatic hydrocarbon is used as solvent for 
aluminum chloride and ethyl bromide, no trace of conductivity is observed 
until sufficient additions have been made to have a lower layer separate 
out. Then conductivity is observed only in the lower layer. Walker and 
Spencer found the conductivity of aluminum chloride in ether solution 
at 18“ to be: 

V it 

3.5B 0.09 

Wertyporoch and Firla measured the eniiduetivity of aluminum 
chloride in several chlorinated IiydrocarboiiK. The molar conductivity in 
ethyl chloride scarcely varies with the ctuieentration. The specific con- 
ductivity of a 3.57r' solution = 4.400 x 10 and the molar conductivity 
between 0.025 and 0.2 mole/litcT remains constant at 0.2 mho. The 
specific conductivity of the solvent is h‘ss than 3 X 10 The solvates of 
AI 2 CI 0 and AUClio are | AKOoHoCl),. | A1(M„ ami | Al(C\,IIftCl),„] (AlCl4)8 
respectively; they arc completely ioniztal to give ions which are stable 
upon dilution. The ionization equations are: 

[AI(C2HBCl)t,]AlCh= [AI(CMI.(M)„I'^' h -AICU 
[Al(CaH5Cl)«,l(AlCh)a=- [Al((MIrri)„,|‘‘ f (AICIOb 

Solutions of aluminum chloride in n-propyl ehloride, isopropyl chlo- 
ride, and chlorocyclohexane show inueh greater eomhietivity than in ethyl 
chloride. A 2.8 ^0 solution in normal projiyl ehlorirle has a specific con- 
ductivity of 1.476 X 10 ^. A 2.6% solution in isopropyl chloride has a 
specific conductivity of 1.384 x 10 Tn preparing the solutions an evo- 
lution of hydrogen chloride ia evident, and the solutions become yellow 
changing to red-brown, with formation of unsaturated hydrocarbons. 
These unsaturated hydrocarbons are incorporated in a complex with 
aluminum chloride, tionduetivity mea.surements give values about thirty 
times higher in these than in ethyl chloride solutions, which indicates a 
strongly bonded complex. Results secured by these investigators are 
listed in the tables on page 34. 

Salt-like compounds are formed when aUmiinum chloride is dissolved 
in benzoyl cliloridc and in aeetyl chloride. These compounds become part 
of the cation. 

The addition of benzene to all these solutions increases the conduc- 
tivity, but the addition of cyclohexane to aluminum chloride in chloro- 
cyclohexane does not change the conductivity; in the case of ethyl chlo- 
ride the increase is 108 times, and with the others about 1.5 times. In all 

“ J. W. Wftlkpr nnd A. Riipiipm, /. r/.rwi. Sot , B5, llOfl-lllO (1904) 

B^ertypoiuch and T. Firlu. Z. phvnk. Chem , 162, 698-414 (1982); Brit. Chem. Abatncta-A, 
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ChloToc}jclohGxan^ + AlCU Ethyl Chloride + AlCh 


C* (MqI- 

V* 



C (Mol- 

V 




(litm) 

L ■ 10’' • 


liter) 

(liters) 

L*i(r 

0 

0.0042 

236.0 

133 

032 

00293 

342 

74.3 

025 

0.0104 

95^ 

41.6 

039 

0.0398 

25.1 

953 

024 

oni84 

54.4 

89.9 

0.49 

0.0476 

21.0 

111.5 

025 

0.0496 

202 

3692 

0.74 

0.0648 

15.4 

138.3 

0.21 

0.0725 

13fl 

579.6 

030 

0.0760 

13.1 

158.6 

020 

0.0970 

103 

835.0 

036 

0.0960 

10.4 

183.0 

0.19 

0.1206 

S2g 

1130 

0.94 

0.1146 

8.72 

212.5 

0.18 

0.2014 

426 

1790 

039 

0.1868 

535 

334.0 

0.18 





0.2360 

423 

440.0 

0.18 

Propyl Chloride + AlCU 


Isopropyl Chloride + AlCU 


0.0045 

2242 

22.5 

030 

0.0039 

259 

65.7 

1.60 

0A130 

76.7 

55.1 

0.42 

0.0116 

86.4 

254.0 

220 

0.0200 

49.9 

110.0 

0 55 

0.0197 

50.7 

518.0 

232 

0MB8 

21.4 

1005 

2.15 

0.0333 

30.0 

628.0 

139 

0.0800 

12.4 

3179 

3.98 

0.0566 

17.7 

1417 

2.50 

0.1600 

6.68 

6200 

4.14 

0.0728 

13.7 

2452 

3.40 

0.2136 

4.68 

14761 

6 91 

00868 

11.5 

3648 

420 

02374 

421 

15233 

6.42 

0.1130 

835 

5060 

530 





0.1348 

7.41 

7700 

5.80 





0.1546 

6.47 

9600 

622 





0.1976 

5.06 

13840 

7.01 

* In Uu'HP tablcH C 

i.s tho con centra (inn 

in mnlps per 

liter, V is 

dilution in liters 


per mole, L is the spenfii' rnnductivity, and /i h tht‘ iiiolar conductivity. 


cases hydrogen cliloride is i)rodu(‘e(l upon liip addition of benzene, but 
this is without influence on the conductivity. The maximum conductivity 
is not reached until after twelve to twenty-four hours. Wcrtyporoeh and 
Firla portray graphically the influence of addition of benzene to ethyl, 
propyl, and isopropyl chloride; their tabulated data follow; 

50 cc. solvent, O^C 



AlClj 

Benzene 

L 

L 

L (at end) 

Alkyl Chloride 

(t!-) 

(rr.) 

(at start) 

(nt end) 

L (at start) 

Ethyl chloridu 

15741 

1 

4.400X10' 

4.755X10* 

108 

Propyl chJoride 

r 1.5814 
11.5563 

1 

1 

1523X10-' 

1.620X10-* 

2.043X10-* 

2.414X10* 

1.4 

1.6 

Isopropyl chlondc 

(1.3128 

)U763 

1 

1 

1.384 X10-* 
1^25X10-" 

1.772X10" 

1.979X10-* 

13 

1.6 


The authors explain the increase in conductivity by assuming primary 
formation of a pseudo-salt of aluminum chloride with the organic halide, 
which later changes to the normal salt complex of the aluminum chloride 
with the resulting unsaturated liydroearbon. The aromatic hydrocarbon 
is in the cation with the aluiTiinum. 

The table (p. 35, top) shows the elTcet on eondiietivity of adding ben- 
zene derivatives to the alkyl chloride solutions of aluminum chloride. 

Pure acetyl ehloride and benzoyl chloride have low specific conductivi- 
ties; i.e., L = 3.20 X 10 *^ and 2.99 X lO""^ at O^'C. The addition of alu- 
minum chloride lowei-s the molar conductivity of these solvents. When 
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Alkyl 

Aldn 

-bi'iixene 

L 

T, LCatmri) 

Chloridfi 

(1C) 

(r) 

(nt atart) 

(nt rnri) L (at Himt ) 

Ethyl chloride 

1.5709 

hexaethyl- 

2.7909 

5510X10* 

55»(X10* 102 


^1.33 

isopropyl- 

0.0864 

1.304 X10-* 

1.480X10-’ 1.1 

Isopropyl chloride « 

1.33 

isopropyl- 

1.7280 

1.304X10-* 

1536X10* 1.03 


0.8132 

tri-isopropyl- 

1^3309 

6550X10-* 

7545X10* 1.41 

Propyl chloride 

0.7154 

dipropyl- 

1.8440 

5.115X10-* 

7.495 X10-* 1.47 


bcnzpnc is added to these solutions the conductivity rises, liydroRen 
chloride is evolved, and the solutions lake on dark colors. 

These effects are shown in the following tables: 


Benzoyl Chloride + AlCU Acetyl Chloride + AlCla 


C (Mol- 

V 


C (MdI- 

V 



lifpr) 

riitern) L • 10^ 


liier) 

(liters) 

LlVff 


0.0038 

260.0 299.5 

8.0 

0.0024 

422.0 

500.0 21.5 

0.0086 

115.7 614.0 

7.0 

0.0064 

156.7 

1018 

152 

0.0182 

54.9 683.0 

3.7 

0.0107 

93.2 

1423 

13.3 

0.0379 

26.4 813.0 

2.1 

0.0220 

45.5 

2150 

9.8 

0.0612 

16.3 966.0 

1.6 

0.0438 

22B 

2470 

5.6 

0.0988 

10.1 1151 

12 

0.1263 

7.91 

9310 

7.3 

0.12B2 

7.80 1412 

1.1 

0.1751 

5.71 

12790 

72 

0.1676 

5.97 1532 

0.9 

0.1982 

5.04 

16170 

8.1 

0.2026 

4.94 2015 

1.0 

0.2412 

4.14 

13150 

5.6 

0.2830 

3.53 2533 

0.9 

0.3204 

3.12 

22880 

7.1 

0.3992 

2.50 3415 

0.9 

0.3916 

2.55 

26520 

6.7 

0.6260 

1.59 4835 

(\A 

0.4370 

229 

33280 

72 

0.6910 

1.44 5224 

0.8 

0.5240 

1.90 

39180 

7.4 




0.0260 

1.59 

49790 

7.9 


Addition 

to Acetyl nnd Benzoyl 

Chloride 





(50 cc. 

solvent) 




Add 

AlQa 

Benxpne 

L 

L 


L (nt end) 

Chloride 

(r) 

(tT) 

(nt start) 

(aftPT 22 hrs) 

L (nt start) 

Acetyl 







chloride O’C 1.38 

1 

1.639X10-* 

2.3«5X10-’ 

12 

Benzoyl 

(5.1907 

5 

5524X10-* 

8.600 X10-* 

1.6 

chloride ]8“C (5.1888 

4 

5520X10-* 

1.111x10-* 

2.1 


If instead of benzene there is added acetophenone and benzophenone, 
respectively, similar results are obtained, as is shown in the following 
table: 


Acetyl Chloride and Acetophenone, Benzoyl Chloride and Benzophenone 

(SO cc. solvent) 


Acid 

AIO. 

Ketone 

L 

L 

L (at end) 

Chloride 

(R) 

(R) 

(ni start) 

(at end) 

L (at start) 

Acetyl chloride 

U200 

acetophenone 

1.1950 

1550X10-' 

1.769 X10-* 

1.1 

Benzoyl chloride 

J5.144B 

benzophenone 

72295 

after 10 hrs. 

4JOOOX10- 

5.208X10“‘ 
(constant) 
7.560 X 10'* 

12 

1.9 
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By the addition of pentane as well as cyclohexane to aluminum chlo- 
ride solutions in acetyl chloride there is no conductivity increase. There 
is formation of a heavy oil which settles out. 

By electrolysis of their solutions, and subsequent decomposition and 
analysis of the materials conrentrated at each electrode, these authors 
have studied the ratios of the or|;anic materials associated with aluminum 
chloride. 

Compounds of Aluminum Chloride with Inoroanic Substances 

Ammonia 

As long ago as 1830 the eompound of aluminum chloride with ammonia 
was prepared and reported by Persoz to be Al;.Clij,6NH3. In 1832 
Rose ^ obtained a similar product. 

Subsequently it was concluded that two complexes existed, namely, 
Al2Cl8,6NH3 and ALjClo,2NHa. Later another compound, Al2Clo,l2NH3, 
was announced. This was a bulky, white srdid, with a high ammonia 
vapor pressure. Upon heating it in dry hydrogen, AlCl3,2NIl3, a hygro- 
scopic solid, was formed, AVater decomposed this, yielding aluminum 
hydroxide.*^ 

The heat of formation of AlCl3,2NH3, its low hygroscopicity, and its 
slow decomposition in moist air indicate that it is a very stable com- 
pound.®® 

Al2Cle,10NH3 melts at 380° and boils at 450° with Al2Cl0,2NHs as the 
distillate when distilled with hydrogen, and A12C1 r, 4.61NH3 when distilled 
without hydrogen.®® This is considered to be a mixture of AIoC 1 o, 2NH3 
and AbCle^lONHs. At liquid ammonia temperature, A12C1 r, 10NH3 
absorbs NHa to form A12C1 h, 18 NHs. 

There is some question as to whetlier these compounds are formulated 
correctly, since the actual data show 2.33, 6.33, 10.33, 12.33, and 18.33 
NHa molecules for each ALCln. This would indicate single molecules of 
the formula 3Al2Cl0,3nNUa, whereas DevilJe and Troost found smaller 
molecules in the vapor phase at 350°, 

The stability of thc.se compounds is comparable with that of the 
hydrates. The heats of formation of these associated molecules have 
been determined by Baud^®^ as follows: 

AhCl«+ 2.33NH, 

AI«C1.H- 6NHa 
AhClfl + lONHn 
AUCh + 12NHn 
AUClo + IRNHh 

"J. P. Pewina, Ann, ehim. vhya (i), 44, 31S (1830). 

MH. Rofie, Pogg. Ann., 24, 2M (1832) 

M. Shllman and B. YwIpt. Am. Chrm. 17, 748-753 (1885)? /. Chrm. Soc. Aha, 70, (11), 
301 (I8M). 

Baud, Ann. chtm. phfta. (B), 1, B-72 (1904). 

■»E. Baud, Compt. rtmd., 1% 134-lM (IBOl); /. Chem. Soe. Aha, BO (ID, 101 (1901). 
i*’*’ H. St. C. IIpviIIp and L. J. Trnont, Ann rhim. phyn., 58 (S), 267 (1800). 
w'lf. Baud, Ann. th\m. phya. (s), 8-72 (1904); /. Chrm. Snr Aha.. 86 (Tl), 178 (1904). 


+ 77.6 Cal. 
+ 167.54 Cal. 
+ 245.23 Cal. 
+ 20823 Cal. 
+ 317.B5 Cal. 



PHYSICAL PROPERTIES 


37 


The difference of 49.62 Calories between the last two compounds for the 
addition of 6NH8 gives 8.27 Calories per molecule of NHa, which is 
employed in the Clapeyron formula to calculate the dissociation pressures. 

The variation in entropy is 32.004 as determined from this expression 
or from the curve of dissociation pressure.^^^ 

The heats of solution of these ammonia complexes are ; 


ALC1..1BNH« 

A1.C1.,12NH. 

AhCl.,10NIL. 

A1«CU,6N1I:. 

A]sCl.,2.33NH» 


15A8 Cal. in 44 1. at 16'’ 

12.70 Cal. in 48 1. H.0 at 15” 

18.10 Cal. in 44 1. H,0 at 15” 

60.50 Cal. in 44 1. at 15” 

106.00 Cal. in 44 1. H»0 aL 15'' 


AloCle,2.33NH3 dissolves in water as a clear solution. The others give 
first a precipitate of hydroxide which gradually dissolves to a clear 
solution.^®* 

Hydrogen chloride gas acts on all the Al2Cl0,nNHa complexes to form 
Al2Cl6,2.33NH3 + NH4CI. This indicates the A12C1 q, 2.33NH3 to be a 
vciy stable complex. If, however, it is distilled in a current of hydrogen 
chloride gas all the ammonia is removed to form ammonium chloride.'”® 

An extensive study of ammonio-complexes of aluminum chloride is 
presented by Clark who gives a description of the apparatus for com^ 
position-temperature detemiinalions. He tabulates composition-temper- 
ature-presBure data and heats of dissociation and discusses the relation- 
ships between the fundamental j)roperty of stability and other properties. 

Klemm and Tanke studied the constitution of aluminum halide 
ammoniates. The density increases from chloride to iodide. The den- 
sity decreases from A1X3,NII3 to AlX3,6NHs. The molecular volume 
increases from chloride to iodide. The molecular volume decreases from 
AlXa,NHa to AlXs,6NHa; but the cation becomes larger, the salt changing 
to the ionic lattice. The iiiono-ammine is an additive salt, whereas the 
tri-, pent-, and hexammines are complex salts having the NHa groups 
attached to the cation. The heats of formation increase from the chlo- 
ride to the iodide. The behavior and properties correspond to the 
chromium and indium salts. 

Reduction of aluminum chloride mono-amniine to aluminum nitride 
results from treating the fused aramine with metallic aluminum. A com- 
plex compound, AlCla.AlN, stable at near red heat, is formed with 
evolution of hydrogen.^”® 


X«W ‘ flBO-8B2 (1901); J. Chim Hoc. Xtj., BO (11), 303 (1001). 

tatv'-u' j Z. Elsktrochem., 40, H7-BI} (1094); C. A., 28, 2257 

loftp S“”5’ *^''*^*- f’/irwi. Nfjc. .4bB.. B6 (11). 176 (1904). 

V “2, 653-556 [mi)) J. CVi.m. 8oc. Ab».. BO (II), 224 (1001). 

319-320 an?)!* f. J., 11, 2079: J. CW 112 (II). 

mw 7, 1-23 (1924): t\ A., IB, 021 

lOHv' * anorg. allffrm. Chum., 200, 343-306 (1931). 

3019 nikiu^' **■ Cfiem. fU.3.8.Ji.J, 3, B72-B73 (1933); C. A., 28, 

19 (1084). W. BdU, Z. anoro. Chum., B9, 141-188 (1814); J. C/um. Boo. Abu., IN (II), 440 (1815), 
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Sulfur Dioxide 

A1C12,S02C1 is formed by the reaction of aluminum chloride on sulfur 
dioxide, rapidly at 50 - 60 °, and slowly at room temperature.^®® One mole 
of the aluminum halide apparently combines with one mole of sulfur 
dioxide at low temperatures.^'® 

Al2Cl0,2SO2 was prepared by Adrianowsky in 1879 . From this he 
was able to prepare A1C12)S02 ,CqIIsj Al(0H)2,S02,C6H3j and C6lIn,S02H. 
Baud found a positive heat of reaction when sulfur dioxide was passed 
into aluminum chloride, forming a pasty mass of the composition A]2Cle, 
SO2. With further addition of sulfur dioxide, requiring a long period, 
the product becomes a clear, colorless, limpid liquid of the composition 
Al2ClQ,2SOn. With liquid sulfur dioxide the reartion is more rapid. By 
subliming aluminum chloride in a current of sulfur dioxide a product is 
obtained which is a yellow-orange solid at 4 ^, decomposes at 80 °, and 
distills at 200 °, yielding a distillate of the composition Al 2 Cl 6 ,S 02 . Sulfur 
tetrachloride was detected in the distillate. By the direct action of liquid 
sulfur dioxide on aluminum chloride in a sealed tube Buff obtained a 
well-defined crystalline compound, AlCl3,S02. It is stable at 100 ° in an 
atmosphere of sulfur dioxide. In sulfuryl chloride solution, it can be 
entirely decomposed at room temperature by carrying off the free sulfur 
dioxide with a current of dry carbon dioxide. The compound, therefore, 
is quite unstable, having a high sulfur dioxide vapor pressure at ordinary 
temperatures. 

Sulfur Chlorides 

Aluminum chloride reacts with sulfur mouochloride with or without 
the addition of sulfur, yielding a series of compounds, one of which is a 
complex compound of sulfur dicliloride. AlCl3,2S2Cl2 is another product; 
upon heating it yields S2CI2, CI2, and AlCl 3 ,SCl 2 . The AlCla,SCl2 upon 
further heating yields AlCl3,SCl4 and SCI*. Tlio product AlCl3,SCl4 is 
the most stable product and may be crystallized. Upon addition of sulfur 
to the mixture of AICIajSCU and SOI2, AlCla^SClj is regenerated. 

When heating different proportions of AlCl3,S2Cl2 and sulfur in sealed 
tubes AlCl8,2SaCl2 and AlCl3,2S4Cl2 are obtained. AlCl3,2S2Cl2 and 
AlCl3,SCl2 dissociate only slightly at room temperature, whereas AlCls,- 
2S4CI2 dissociates appreciably. If AlCl3,2S4Cl2 is extracted with carbon 
disulfide, a residue of AlCl3,2S2 remains, and further extraction leaves 
AlCl8,S2. Extraction of AlCi3,2S2Cl2 with carbon disulfide leaves a resi- 
due of Aids, 82. These compounds decompose when distilled. 

Treating S2CI2 with metallic aluminum produces AlCl3,3S3Cl2. The 
latter yields AlCla,S2 upon extraction with carbon disulfide. Heating 
S3CI2 with metallic aluminum yields AlCl3,3S. 

WaKiiHi. Brr, 12, (1879). li. nimUiVKr.u, BiUI hor. rhnn. (£), 42. 32.1-327 (1884); 

J. ('hem. AW. Aba., 48. 363 (1885). 

JCpliiuiiii uiiU I. Kuiiililuiii, 49, 2007-2021 (1916); J Chnii. Soc. Aha., 110 (II), 614-01.5 
' (1910); C. A., 11, 1006. 

M. Ailriunowfiky, Bull. aoc. rhim. (SL 31, 495 (1870). 

Baud, Arw. chm. phya. (8), 1, B-72 (1904); J. Chem. Soc. Abt., M (II), 170 (IBM). 

1^*0. Ruff. Ber., 35, 4453-4470 (1902); J. Vhem. Soc. Abs., 04 (II). 149 (1908). 
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AlClii,3S3Cl2 is coordinated, since upon distillation all the aluminum 
rhloridc appears in the distillate with no residue of ahimimim sulfide. 

The rompounds as obiaiued in this work were not pure. Owing to 
their instability, to their slow solubility in Sl-CI^, and to their readiness 
to change from one to another, they were produced in only the liquid 
state.^^^ 

Hydrogen Sulfide 

Wohler found that by distilling aluminum chloride in a current of 
hydrogen sulfide some of the hydrogen sulfide became fixed. 

In the presence of moist air the aluminum chloride-hydrogen sulfide 
complex loses hydrogen sulfide. By heating aluminum chloride in a cur- 
rent of hydrogen sulfide, Baud obtained pearly plates composed of 
Al2Cln,0.1HnS up to Al2Cln,0.3H2S. If aluminum chloride is treated with 
liquid hydrogen sulfide at —70®, A12C1 b, 2H2S is obtained. This is stable 
below —45®. At room temperature it evolves one mole of hydrogen sul- 
fide, leaving Al2Cl8,H2S which is stable at room temperature, its dissoci- 
ation pressure being 760 mm at 60°. It is decomposed with water, the 
heat of dissolution being +150.56 Calories per mole. The heat of forma- 
lion is +9.45 Calories, for the reaction 

AhCIa + H,S (gas) > Al.CIe,HaS 

Calculated from Trouton’s rule, it is 9.99 Calories. Biltz obtained 
9.22 Calories at 0®. 

Al2Clo,Il2S decomposes at +14°, the pressure of hydrogen sulfide 
being 100 mm. Tlie density of Airi;i,H2S is 2.162 at —30°. The molar 
volume is 23 to 24 cc. 


Hydrogen Cyanide 

Karaniassis prepared AlCl3,2HCN by adding hydrogen cyanide to 
aluminum chloride in a U-tube cooled in an ice and salt mixture. The 
excess hydrogen cyanide was then driven off by allowing the mixture to 
warm up to 30°. The product liquefies at 100° with loss in weight. 

The ability of aluminum chloride to attach hydrogen cyanide has been 
utilized in preparing fumigating materials.^^® 

The addition of hydrogen cyanide to aluminum chloride at room tem- 
perature was reported by Hinkel and Dunn to cause a vigorous reac- 
tion. First a liquid is formed, and from this A1C1 b, 2IICN precipitates. 
If the aluminum chloride is suspended in benzene, addition of hydrogen 
cyanide occurs when the latter is added to the suspension. The addition 
compound has an appreciable vapor pressure since hydrogen cyanide is 


1^0. Ruff BQd H. Golla, Z. anorg, alfgcm. Chem., 138, 17-82 (1D24); C. A., 19, 221. 
phvB. (t), 37, 08 (1828). 

Baud, Compt. rend.. 134, 1428-1481 (1802); /. Chnn, Soc. Aba., 82 (II). 805 (1802), 

^ B. Keunaoke, Z. anorg. ailgem. Chrm., 147, 171-1B7 (1828); C. A., 19, 3220. 

Compt. rend., 194, 401 (1882); C. A.. 26, 2305. 

ATAV— to H. Lriirecke (to RoeaHler and Haulaoher Chrm. Co.); Brit. Chem 

“"L. E. Hinkel and R. T. Dunn, /. Chem. Soc.. 8843 (1881); C. A., 26, 1208. 
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evolved from the material in a vacuum desiccator. At 100° all the hydro- 
gen cyanide is evolved. Tlie compound is unstable in moist air and also 
in ether solution. 

Oxides of Nitrogen 

Besson first studied the action of the oxides of nitrogen on metallic 
chlorides, finding that combination occurs with several of these, including 
aluminum chloride. He found the compound of aluminum chloride with 
nitric oxide to be more stable than that with nitrogen tetroxide. Both 
are decomposed by water. 

These results were verified by Thomas.^^^ The combination of nitric 
oxide with aluminum chloride is a slow process, yielding an extremely 
hygroscopic, pale-yellow compound, Al^ClnNO, which melts without 
decomposition in a sealed tube. 

Nitrosyl Chloride 

The compound AKyla-NOCl may be prepared by treating powdered 
aluminum chloride or a solution of the salt in carbon tetrachloride with 
liquid nitrosyl chloride.^^^ 

Phosphorus Compounds 

When freshly precipitated clay is lirated in phosphorus penfachloride 
vapor a compound AlCla.PC'l.i results. Tt niny also be prepared by heat- 
ing metallic aluminum with phosphorus pentachloridc.^24 

The melting point curve for the system AlClsjPClr, has been deter- 
mined, and the existence and stability of the compound AlPClg confirmed. 
Vapor density measurements show that in the vapor it is largely dissoci- 
ated. Its low volatility indicates an ionic structure. Its melting point 
was found to be 380°.^^® 

A combination of aluminum cliloride with phosphoryl chloride results 
when a mixture of them is heated in a closed tube. Moisture decomposes 
this into aluminum hydroxide, hydrogen chloride, and orthophosphoric 
acid.**® 

Al2Cln,l/3PH.T has been prepared by Rose.**^ Other investigators**® 
have not been able to confirm formation of this compound. Later Holtje 
and Meyer **® found that if 0.6 mole of phosphine is reacted for a short 
time with 1 mole of aluminum chloride at 70°, the compound AlCla,PHa 
is readily formed. 

>BA. Beuoop Compt. rend., lOB, 1011 (1889); /. Chem. Soc. Abi,. 50, B84 (1889). 

»V. Thomu, Compt. rend., 121, 128-130 (1895); /. Chtm. Soc. Abe., 88 (II), 495 (1895). 

uiH. Rhdnboldt and R. Wasaerfuhr, Rer., 60, 732-737 (1927). H. GaU and H. Mengdehl, 6er., 
60, 80-91 (1927). 

^E. Baudrimont, Compt. rend., 95| 868 (1863); Ann. chim. phj/g, (\), 2. 41 (1864). 

^W. Fiaoher and 0. JUbomann, Z. anorg. Chwn., 235i 887-961 (IMB); Brit. C/tpm. Abi^acCe- 
A (I). 240 (1988). 

^W. Caaaalinann, Ann., 99, 220 (IBSO). 

>«H. Rom, Pogg. Ann., 24, 205 (1382). 

»W. PnttfB. Z. amg. Cbein., 89, 208 (1914). R. Z. anorg. Chem.. 190, 263 (1930). 

i»R. HSUja and F. Mqrer. Z, morg. CAem., 197. 93-102 (1981). 
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Phosgene 

Liquid phosgene dissolves aluminum chloride. The heat of solution 
has not been determined, but the thermal effect is not great. Upon evapo- 
ration of such a solution at room temperature, there remains a colorless 
liquid having a freezing point of —2°, the composition 2AlCl8,5COCl2, 
and a dissociation tension of 760 mm at 30°. Upon subsequent heating, 
this product is converted into 2AlCl3,3COCl2 which has a dissociation 
tension of 760 mm at 55°. Upon further removal of phosgene, a silky 
needle-like residue, 4AlCla,COCl2, stable at 750°, remains. These last 
two compounds may be prepared by distilling aluminum chloride in a 
current of dry phosgene, or by leading the vapor of aluminum chloride by 
means of a current of carbon dioxide through a red-hot tube. Commercial 
aluminum chloride containing these two compounds may be purified by 
fractional sublimation in a current of hydrogen or nitrogen.^^®* The groat 
chemical activity of aluminum chloride as displayed in a variety of ways 
in both organic and inorganic chemistry suggested that the solution in 
phosgene might have unusual properties. Metallic potassium, which does 
not react with phosgene, does react with a phosgene-aluminum chloride 
solution. The metal becomes slowly corroded and gas is evolved. The 
product is a phosgenate of a slightly soluble double salt of potassium 
chloride and aluminum chloride. 

Germann considers the system aluminum chloride dissolved in 
phosgene as an acid system, comparing 2AlCl3,COCl2 to 2 S 03 ,H 20 . Met- 
als replace the CO giving salts, 2AlCl3,MCl2. 

COAUCl. CiL > CaAlaCh H CO 

With metallic chlorides the system gives pliosgeno- salts: 

COAUCU + CttCl. > CaAhCU + COCh 

acid base 

The CO acts as hydrogen in an acid.^^^ The phosgenate produced in the 
foregoing example has been found by vapor pressure measurements to be 
CaAl2Cl8,2COCl2.i»® 

The following phosgeno-aluminates have also been prepared 


Compound by analysis 

NaAlCli 

CaAliC]., 

SrAlsCLi 

BaALiCLi 


The preparation of the metallic chloroaluroinates in sealed Faraday 
tubes is by the action of the metal on phosgene in the presence of alu- 
minum chloride. The reactions arc rapid, with evolution of heat and 


^ F B«ud, Compi. rend.. 140, lOU-BO (1906), /. Chem. Soc. Aba., BB (II), 526 (1906). 

"A. F. 0. qermann, J. Phya, Chvm., 2B, B79-B87 (1924); C, A., IB, 3380. 

£■ 2- 9«™aiin. asienct, 61, 71 (1926); C. A.. 19, 785. 

IM a' 2' Mid c. R. Tunpany. J. Am. Chem. Sou., 47, 2875-2279 (1926). 

A. h. O. Qennann and D. M. Biroacl, /. Phya, Chem., 29, 1^69-1470 (1926); C, A., 20, 634. 
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carbon monoxide. The order of metals with respect to their rates of 
reaction is Ca = Mg > K > Cd > Zn > Sn, The slow rate for the last 
three metals is in part due to incrustation formations.^^^ 

Metallic Chlorides 

Baud prepared several double halides of aluminum chloride. The 
method used consisted in heating in a scaled tube at 250-300° a mixture 
of the two halides in the ratio desired for compound formation. Fusion 
occurs in this temperature range for AI2GI0 + 2NaCl. If SNaCl is used, 
the temperature must be raised to 500°. With excess aluminum chloride, 
the excess over the equivalent necessary for compound formation distills 
to the cool portion of the tube, indicating that the homogeneous product 
is probably a compound and not a true solution. 

The following data are given for the double salts prcf)ared: 


Salt 

AbCWNaCi 
A1.C1.;2KC1 
A1.C1.;2NH.C1 
AliCli^NaCl 

(prepared at 500* 

AhCti,3KCl 
AhCl.,6NaCl 
AU:i.,6KCl 
Al,Cl.;2AgCl 
AliClsil.5CaCJa 
Al«Cl.,1.58rCh 
AliCl<i3aCJi 

(prepared ut 300") 

AlxCU.1.5DaClii 

(prepared by heating AhClo^Bt^^l 
Al^l.,1.5ZnCl, 187.99 


Molar heat of bulution in 32 liters II 2 O 
141 42 Ciil. at 15“ 

120.44 
120.943 
136 97 

by AhCl»,2NaCI + NaCl) 

112.07 

129.73 (48 liters HaU) 

93.304 (18 liters HaO) 

151.45 (at 22") 

173.40 (ut 16*) 

164.39 (at 16*) 

153.52 (at 22* in S liters HaO) 


to 500“) 


Heat of fixation of each mule of metallic eliloridc: 


NaCl 

Each of the fir^t two molns 5.90 
The third 3.45 

Each of the fourth to sixth 1.41 
The seventh 029 


Kd ArCI CuQa BrCIs BaHls NH4CI 

13.19 2.51 6.18 5.81 529 1326 

4.15 
2.035 
0.75 


Those salts possess a fibrous structure; they distill witliout decomposition 
in a current of hydrogen or nitrogen. AlnClojRrCla and AljClfl,CaCl2 
could not be prepared since they dissociate below 300°. AlaClsjl.SZnCln 
is a pasty, translucent mass when first prepared, remaining in a suspended 
state for some time. It loses AI2CI6 at 400° showing it to be less stable 
than the other double salts. 

Ammonia gas was found to combine readily with these double salts 
at ordinary temperature, forming Al2Cl«,2MCl,12NHa. The heat evolved 
in the general reaction Al2Clo,2MCl + 12NH;i = Al2(^dB,2MCl,12NH3 is 
252-255 Calories per inolo, or 21 Calories per mole of fixed ammonia. 

A. F. 0 . Gcrmann niid K. Oeirob, J. Phya. Chem., 28, 065-872 (1024); C A., 10, 8330. 

■»£, Baud, Compt. rend., 133, 800-371 (1001); J. Chvm. Soc. Aba., 32 (11), U2 (1002); Ann. ch\m. 
pHya. (8), 1, 3-72 (1004): /. Cham. 8oe. Aba.. 86 (II), 176 (1004). 
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The heats of solution of the aramoniated double salts are: 

AU'5lB,2NaCI,12NHa *-1153 Cal. 

AI«CJ-; 2 NH 4 C 1 , 12 NH 3 - 6.47 Cal. 

AlaCl,;2KCl,12NH. - 6.0R CaJ. 

In their study of the factors influencing compound formation and 
solubility in fused salt mixtures, Kendall and co-workers have given 
us a great deal of information on the solubility of aluminum chloride in 
several inorganic salts, together with the kinds of double salts formed. 
They used great care in preparing the anhydrous salts. Their method 
consisted in adding the metallic chloride to aluminum chloride and noting 
the temperature at which the solid phase disappeared. From the tem- 
pciature-per cent composition curves they delerniiiied the composition of 
the double salts formed. Their data follow: 


Systems Containing Aluminum Chloride as Reference Salt 
(The given temp, indicates disappearanee of the solid phase) 

Lithium Chloride 


% LiCl 

6.6 

172 

20.1 29.6 38.4 

40.1 1 432 

45.8 

47.4 

Temp. ("O 

190.0 

187.9 

186.4 171.4 125.6 

114.4 1 1172 

132A 

139.9 

Solid phase 



AlCla 


Aid., LiCl 


49.6 I 

49.6 

50.5 





143.0 1 

170.4 

338.5 






LiCl 







Sodium Chloride 




% NaCl 

20.1 

22.1 

26.1 30.6 33.9 

37.3 1 41.1 

44.8 

47.6 

Tomp. ("O 

192.0“ 

190.0 

1821) 169.4 151.3 

1302 1232 

140.7 

147.9 

Solid phase 

iAlCl„T/NaCl 

AlCh.NaCl 



48.3 

48.4 

49.5 





151.9 1 

153.7 

320.5 







NaCl 




“ A two liquid layer region extends from below 0.2 to IB.0% of sodium chloride, 

m equilibrium with solid phase xAlCkvNaCl at 193.5“ 

Coalescence temperatures 

be too high 

for determination. 








Potassium Chloride 




% KCl 

19.0 

23.0 

27.0 312 1 34.5 

37.5 42.9 

4SS 1 

492 

Temp. (“O 

192.6* 

187.4 

177.2 162.1 1 158.4 

178.7 213.1 

248.4 1 

2552 

Solid phase 

jAlCh,i/KCl 


AlCh,KCl 




375.0 

KCl 


, * A two liquid layer region extends from below 0.4 to IH2% of potassium chloride, 
in erpiilibriiini with solid phase jAlCln,i/KCI, at 193.0“. 


Ammonium Chloride 

% NH.C1 OJ 20.6 26.8 2Ri 31.9 I 33.2 36.9 382 43.5 

Tpmp.CC) 192.2 192.3‘ 186.6 171.8 157,9 1 173.4 229.4 239.7 274.1 

Solid phose !rAlCl..j/NH.Cl AlCli.NH.CI 

49.1 53.1 56.8 58.4 I 61.0 65.1 

3012 287.2 260.1 257.1 | 2842 367.0 

A1CU,NH,C1 NH4CI 

. * liquid laypr rpeion extends from 02 lo 20S% of ammonium rhioride, 

in equilibrium with Bolid phoac a-AlCL,,vNH,Cl at 192.5*. 

■nil Sar., 45, teS-RH (ItS); C. A., 
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CwpYouB Chloride 


% CuCl 

10^ 

19.7 

29.0 

30.S 1 

32.2 

40.6 

47.0 

48.1 

.50.9 

Temp. (“C) 

igoA 

187.4 

178.4 

1753 1 

178.3 

2093 

230.9 

231.6 

231.9 

Solid phase 



AlCl-i 



AlCU.CuCl 


.M.n 1 

57.4 

60.1 

62.0 







22.5.9 1 

227.4 

252.5 

2913 









CuCl 










Silver 

Chloride 





% AgCI 

0.38 

20.1 

26.5 

32.0 

33.4 

383 

39.7 1 

39.9 

43.6 

Temp. (“O 

191 2* 

190.1 

184.5 

1613 

156.0 

1368 

121 9 1 

122.2 

138.9 

Solid phase 


tAICUi/AbOI 




A1CI«.AkCI 


47.0 1 

47.9 

49.1 

50A 







147.5 1 

175.4 

285.3 

378.0 







AgCI 


■ A two liquid laver rrgion extendn from 0.7 to 17.6% of silvrr rhloridp, in 
libriuin with solid phase a‘A]Cli,?/AgCl at 192.9'’. 


Barium Chloride 

% BaCU 14 0 20.1 22.8 27.1 

Temp. ("O 192..V 198.8 200 4 255.6 

Solid pha.se 2A1C1 .BiiCL( ?) 

•A two liquid layer region extends from below 2 0 to 13 0% of barium fhlnrule, 
in equilibrium with solid phase 2 AlCb,BiiCl 2 (?) at 191.5“. 


% MgCU 
Temp.(“C) 
Solid phase 


MagneBium Chloride 

9.5 12.4 15.4 I 17.9 22.1 27.5 29.1 | 30 9 

188.6 187.4 186.4 | 188.0 207.6 224.2 227.4 | > 350.0 

AlCla 2AirKMgCh(7) MgCU 


Mercurous Chloride 

Work on this system had to be abandoned, .sinne blarkening of the mercurous 
chloride in bulbs containing low percentages anrl violent explosions in bulbs con- 
taining larger amounts prevented (he determination of exact freezing points. Solu- 
bility is certainly only slight, and it is probable that no isoluble compounds are 
formed. 





Mercuric Chloride 





% HgCh 

3.0 

7.7 

183 

264 

328 

37.4 

41.4 1 

48.2 

65.9 

Temp. ("O 

190.0 

189.7 

189 0 

184.6 

177.6 

167.5 

107.4 1 

151.3 

192.0 

Solid phase 

58.1 

63.2 

70.9 

AlCl. 

82.6 

90.0 






200.5 

216.2 

238.1 

HgCl. 

259.7 

272.1 








Thallous Chloride 





% TlCl 

0.52 1 

0.90 

16.6 

18.7 

218 

26.1 1 

283 

20.2 1 

31.4 

Temp. ("O 
Solid phase 

189.4 1 

189.9* 

1903 

182.3 

1728 

158A 1 

1003 

162.9 

172.6 

AlCh 


tA1C1..vTIC1 


2AlCh,TlCl(?) 


33.1 

34.2 

37.9 

42.1 

463 

51.2 

533 

56A 

563 


196.6 

211.4 

248.1 

274.1 

290.0 

295.5 

288.1 1 

325.0 

360.0 


AIC1.,T1CI 






TICl 


■A two liquid layer region extends from 1.2 In 14.7% of th.'illium chloride, in 
equilibrium with solid phase *AlCb, 7 /TlCl at 192.0®. 
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Slatinoua Chloride 


(m-p. 2483") 


% SnCli 

0.98 

1.11 

15.3 

18.1 

1 22.1 

289 30.7 33.5 

389 

Temjp.("C) 
Solid phase 

191.0 

191.3 

191. (T 

1889 

1 187.0 

204.4 207.4 2091 

195.0 

zAlCL,ySnCli 



2A1C1..SdC1. 

68.5 

43.1 

47.1 

489 

53.9 1 

1 50.7 

54.6 63.5 69.8 1 


178.6 

104.1 

158.7 

1369 1 

1 1582 

1539 1429 135.4 | 

138.3 


2AlCj„SnCl. 



AlCl.,SnCl. 



70.9 

75.0 

86.1 

909 

100.0 




1549 

1769 

223.4 

SnCl. 

235.7 

246.8 




” A two liquid layer region extends from IJ) to 14.3% of stannous chloride, in 
cquilibi'ium wiih solid phase irAlCla,i/SnCh at 102.0". 

Siannic Chlondv 


(b.p. 114"; f.p. 30.2") 


% SnCh 

6.8 

19.3 

34.8 

47.3 

538 

63^2 

74.4 

83,4 

89.6 

Temp.("C) 
Solid phase 

188.6 

182.6 

174j2 

167.8 

AlCU 

164.5 

158.3 

150.0 

139.5 

1309 


03.2 

95.9 

98.8 

99.6 

1 100.0 






122.0 

113.4 

89.9 

6.5.7 

\-3D2 







AlCl. 



SnCW 








Antimony Chloride 





% SbCh 
Temp. ("O 

3.6 

17.1 

21.9 

32.2 

41.4 

46.7 

52.2 

509 

649 

190.0 

188.6 

186.9 

181.6 

173.6 

168.4 

160.7 

147.6 

137.3 

Solid phase 




Aid. 






74.4 

77.0 

S4S 

1 92.5 

95.9 

100.0 





112.9 

106.1 

83.0 

1 69.9 

71.1 

73.4 







Chromic Chloride 






No evidence of solution of or combiniition with chromic chloride was obtained. 


% MnCh 
Temp. ("O 
Solid phase 


Man gan ouft Ch loride 

8.4 9.7 13.6 16.1 | 19.1 20.9 23.5 31.4 I 32.4 

190.0 189.9 186.4 185.4 | 197.2 203.0 212.9 226.9 | 271.1 

AlCl. 2AlCh,MnCUa) 

34.9 

308.8 

MnCh 


The data may be summed up as follows: 


CnnipoundB identiriiid 

m. p. ("C) 

Two pliusD liquid Byairin 
ubaerved 

AlCU,LiCl 

143.5 

no 

AlCl.,NaCl 


yes 

A1C].,KCI 



yes 

AIC1.J^H.C1 

304 

yes 

AICl.,CiiCl 

233 

no 

A1C1.,AbC1 

m m m m 

yes 

2AICL,BaC1. 

.... 

yes 

2A1CI..MICC1:. 


no 

2AIC1..TICI 


yE's 

AICL,T1C1 

297' 

no 

2AlCI.Bnnic 

209.3 

yea 

AICL,.8nCI. 

158.5 

no 

2AlCla,MnCI. 

.... 

no 
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It may be noted that several of the compounds reported by Baud 
could not be obtained by these authors. From their curves the eutectic 
temperatures may be obtained. They found no evidence of solid solutions 
in their work. 

The factors influencing compound formation and solubility in the field 
of fused salts are: 

The diversity factor: Metals much more electropositive and much 
more electronegative than aluminum provide the most complex and the 
most stable compounds. 

The valence factor: Salts of monovalent metals with aluminum chlo- 
ride form a greater number of complex compounds than salts of poly- 
valent metals; no complex compounds of quadrivalent metal salts with 
aluminum chloride could be prepared. The stability of the complexes 
is likewise comparable. 

The unsaturation factor: If a metal can exist in more tlian one 
valence form the complexes produced from its lower valence salt are 
greater in number and more stable than those complexes formed from 
its higher valence salt. By comparing the number of and stability of com- 
plexes produced from salts of two metals where the valences are the 
same but one is unsaturated, the complexes of the unsaturated metal salt 
are more numerous and possess greater stability. 

The position factor: If aluminum bromide is substituted for alumi- 
num chloride the number, kind, and stability of the complexes arc akin 
to those of the latter salt. However, by using salts of a metal which is 
lower in the electromotive scries, such as antimony halides, the com- 
plexes formed are fewer and less stable. 

The temperature /actor; Since a difference of some 100° exists 
between the fusion points of aluminum chloride and aluminum bromide, 
their complexes have similar differences in melting point. Failure to iso- 
late complexes of aluminum bromide undoubtedly are due to inability to 
secure temperatures low enough for crystallization. Stability of com- 
plexes from freezing point curves should not be compared unless these 
points are very near each other. 

Internal pressure differences: In non-polar systems, solubilities or 
freezing point depression is dependent primarily upon the relative values 
of the internal pressure of the two components. As internal pressures 
diverge, solubility diminishes, and when the divergence is very large, two 
liquid layer systems may result. The results of this study divide the 
compounds into three classes: (1) The internal pressures of the two com- 
ponents are not markedly divergent, and their polarities only slight. 
Unless modified by compound formation, the solubility curves are essen- 
tially ideal with no apparent tendency toward incrjmplete miscibility in 
the liquid state, (2) Internal [iressures are very widely divergent, the 
second component being a highly polar salt. Tliis leads toward limited 
miscibilily in the lirpiid stale. When tlic two-liquid layer region extends 
over only a comparatively short composition interval an opposing effect 
is being exerted by extensive compound formation. (3) This class is 
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intermediate between the other two because the second component is a 
transition salt, and has a moderately greater internal pressure than the 
roferenre salt. Here the ahnoriiial eniirsc of the freezing point curves 
indiratcfi a strong tendency tnwtird partial miscibility in the liquid state 
without actual appeariince of a stable two liquid layer region. This is 
evidenced by a long, flat portion of the freezing point-composition curve. 

The complexes containing lithium salts lie outside these three classes. 

Molecular and atomic volumes: When the relative molecular radii 
differ appreciably, there is thought to be some influence toward immisci- 
bility. However, atomic volumes appear to have more effect. Conduc- 
tivity data arc needed to determine the ion to which there is complex 
association. 

The atomic number jacior: Addition compound formation within a 
given periodic group increases w^ith increasing atomic weight. 

Eutectic and transition point data for the system AlCls-NaCl-KCl 
have been prepared 



Eutectic 

Paiui^ 



T ranttition Points 


Temp, 

AlCln 

Nafll 

KCI 

'I'lmp. 

Ain> 

NnCn 

KCI 

cc!) 

(mnl. %) 

(mol. %) 

Cmnl 

(“C) 

(mol. %) 

(mol. %) 

(mol. %) 

93 

66 

34 

, , 

146 

50 

50 


J14 

71 


29 

241 

50 

. . 

50 

70 

66 

20 

14 

123 

43.5 

435 

13 





no 

54 

31 

15 


The system of these three salts containing as high as 50 mole per cent 
of aluminum chloride at temperatures to 250° has also been studied,^®® 
The surface of tlie liquidus and isotherms through 25° was constructed. 
A ternary eutectic was obtained containing 16.5, 20.0, and 63.5 mole per 
cent of potassium chloride, sodium chloride, and aluminum chloride, 
respectively, and melting at 89°. 

Plotnikov and Schvartzman found no compound of aluminum chlo- 
ride with antimony tribromide. The system is of the simple type with a 
eutectic at 8.39 mole per cent of aluminum chloride at 86°. They pre- 
pared the binary compound, AlCla-KBr, which has a melting point of 
213°. 

Plotnikov and Yakubson found the heat of solution of aluminum 
chloride in molten alkali chlorides to be 77.97 Calories. The heats of 
formation in Calories of the binary compounds of aluminum chloride 
with the alkali halides were: AlCla.LiCl, 2.66; AlCU.NaBr, 3.28; AlCls,- 
KBr, 10.39. There is no exchange reaction in the systems (a) AlCla.NaBr 
and AlCl8.KBr or (b) AlBr^.NaCl and AlBra.KCl. 

WuileWBki, A. KaezorowBki, and M. Dsmkin, PrtaniBvl Chem., 14, BOB-017 (1034); C. A., 
4720. 

p Plotnikov nnd U. I. Shvartamon, Mem, /nit. Cham. Acad. 5ci, Ukrain., 3, 387-400 (1030); 

k' 31, 6003. For a ntudy of tiaimfn'rarE? nunibere in the wyateni AICIq-NbCI, Bee bIbo cu. V. 

BBlmakw Md V. I. Sheloinov, Trana. Leningrad Jnd. Inst., 1930, No. 1, Sect. Met. No. 1, 36-40; 
34, 028, 

Q A V.A' Plotnikov and U. I. Sohvartzman, Mem. Inet. Chem. Ukrain. Acad. Set., 4 , 187-158 (1087); 
""J- Abrtmcti-B, 141 (1088). 

riMTy' and S. I. Yakubsonj Mem. Inst. Chem. Ukram. Acad. Set., 4 , No. 8, 115-120 

UM/j; c. A., 32, 5250. 
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Table 2. Complexes of Aluminum Chloride with Organic Compounds 


CnmpoufitlM 

Onmplpx 

Coinnieiii Kef. Nn. 

Ethylene+HCl 

Al(^ C4H1. 

1,111 

Ethylene + benzene 

Auci«.c.a.(c.ii.)a 

oily yellow liquid, 
b.p. 132-879 mm. 2 

Olefin (RCH:CH.) 1 

IIC 11 .CH 4 

39 

HCl 

1 

Cl.AlCh 


Benzene 

C sUfi-AlaCla 

40, 41 

Benzene 

CJI.,AIC1, 

42 

Benzene 

complex formed 

43 

Benzene 

none formed 

5,4 

Benzene 

AlCU8C«Hi 

fuming liquid, 37, 44 

very unkable 9, 12, 11 

Benzene + HgCl j + A1 

CoHe AlCLHffCl 

hygroscopic 7, 4G 

(large transparent 
Bix-Bided plates) 

Toluene+HgCla+ AI 

(MIh AlCl.HgCl 

hygrospopic 7 

Ethylbenzene + 

CnIInCaH, AlCUBgCl 

hygroscopic 7 

HgCI.+Al 

Xylenes-fHgCla+AI 

C,H,(CHi)sAIC1.HkC1 

hygroscopic 7 

Cumene Al 


hygroscopic 7 

Pseud oGuineQe+ 


hygroscopic 7 

HgCla+Al 

Me8itylene+ 

ALCIaCdlLCCH,). 

hygroscopic 7 

HgCls+ Al 

Cymene+HgCl. 1 Al 


hygroscopic 7 

Cymene 

AlaClfl 3 (CiiiH]4) 

sp. gr. 1.139/0"C. 8 

Toluene 

A1(1.3C7H. 

fuming liquid, 
very iinstabir 9, 12, 44 

T oluene 

ALCIoOCtHk 

orange liquid, •^p 
gr. 1 0fi/0"C 10, 11, 104 

Toluene 

none formed 

4 

Toluene 

rompirx formed 

43 

Xylene 

none formed 

4 

l,3^Triethylbenzcnc 

2AlClvC,=H.. 

2,3. 15 

Benzene +iilkyl or 

complex formed 

109 

acyl halide 

Tetralin 

CioITi*.AlCln 

110 

Xylene and Iriinefhvl- 

2AlCl,.CJI.(CH,)i 3C.H,(CH,) , 

2 

benzene 

Triethylbenzenc 

2AlCli.CaBi(C2Bri)B 

Iniuid, unstiible 2,8,13. 

14,3 

Triethylbenzenp and 

2AICh.aH.(r.HB),BC.H. 

14 

benzene 

Tri ethylbenzene and 

2AlCh.CBH.(CaH.) .5 CoHbCH, 

2.15 

toluene 

Triethylbenzenp and 

2A1CL C.H,(C>Hb)b.4C.H4(CH0, 

15 

m-xylenc 

Tripthylbenzene and 

2AlClj>CBB[a (CsBH)n.4Ci£[BCiHii 

2 

elhylbenzcne 
Triethylbenzene and 

2 AI CIb .CiBb ( CsBs) a .3CbHi ( CHi ) 1 

2.15 

mesitylcne 

Triethylbenzene and 

2AIC1..CA(C.H,),^C.H.CA 

2 

propylbenzene 

TriPthylbenzene+ 

2AICL..C.H.(CA)..C.H. 

yellow crystals 14 

triisopropyl benzrno 

rCH(CH.),]..HCl 

and hydrogen 
chloride 

Triethylbenzenc and 

2AICI.2C,H,(CiH.),.HCI 

yellow crystals, 

. hydrogen chloride 


m.p. 48-49" 13.14.115 

Triethylbrnzene and 

2AICL,.Cjr.(C.H.),aC.H. 

2 

tetraethylbenzene 

(CJI.). 




CnmpnuudB 

Triidopropy IbensieD e 
Triisopropylbenzeno 
and bcsnzenc 
Triisoi »ropylbt*nzcnt» 
and hydrogen 
chloride 

Triisobutylbenzene 
and hydrogen 
chloride 

H exae thy Ibenzcne 
Alkyl halides 
Ethyl bromide 
Isobutyl chloride 
Chloroform 

Methyl chloride + 
AH-AlCla 
Chlorobenzene 
Chlorobenzene 
Bromobcnzene 
Bromobcnzrnc 
lodobenzene 
Triph eny 1 chi or o- 
methane+Al metal 
Triphenylchloro- 
in ethane 

Benzene and iso- 
propyl bromide 
Benzene and ethyl 
chloride 

Benzene and ethyl 
chloride 

Benzene and ethyl 
bromide 
p-Nitrobenzyl 
chloride 

Nitrobenzyl ehloride 
Benzyl chloride 
Aretyl chloride 
Acetyl chloride 
Acetyl chlnride 


Acetyl chlnride 
Aretyl chloride 
M onochl or oacety] 
chloride 

«:^:^:|9:-Tetra- 
chl OTopropi ony 1 
chloriae 

Trichloroacrylvl 
chloride 
Aliphatic acid 
chlorides 
RCOCI 
RCOCl 

(RCOCI),AhChH- 

CmHn 

Carbnmyl chloride 
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Tabic 2 . — Continued 


Compln 

CfiiriiiiPiit 

lU-f Nn. 

2AlCh.C,IL[CH(Cn.)B]. 

un.stable 

13,14 

\ 2AlCL..C,Hi,LCH(CHn)Ja.C„H« 

gi'ecn liquid 

13,14 

1 2AlCli,.C«Hn[CH(CII.).|n.6CnHB 

liquiil 


2AlCb.2CJIn|CH(CU.)«|,.HCl 

yellow cryHtalh, 



unstable 

13.14 

2A1CU.2CJ1.[CILCH 

yellow crystals, 


(CHO.laJICl 

unstable 

13 

2A1GJ..Co(CJIb), 

cnlorlcBS crystals 

48,3 

(AlCh)‘ + alkyr 

113 

AlaCb.C^Hia 


16 


46.9% Cl 

1 

AlCL.CHCL 

hygroscopic 



gummy mass 

32 

AKCTIulaCl and Al(CH.,)Cb 

33 

none formed 


31 

complex formed 


43 

Al.Clr.C-H. 


31 

cninjdex formed 

AlaC l'.C«Hn 


43 


31 

addition compound with AlCb 


34 

AlCl.,.C,Jli-Cl 

32,68,114 

Al 2 BraC-Ht,[CII(CJI.)_.l , 


2 

AhCl-.s-C-H,(C^Hr.). 

oily, yellow 
liquid, b.p. 



1 32-879 mm. 

2,3,15 


2 

[Al(C^„Hr.Br)„fC-(C.H,)»M 

(AlBn), 


35 

AlCh.CTH-0.KCl 


60 

AlCln.C-H4(CH.ri)NO. 


61.62 

C.6Hr..AlCb 


63 

AhCl-.(C2H»0)4 


16 

AIC1,.CH,tC0C1 

in earbon disulfide 

17 

Al.Cb. [ 0,CCh.CH f Ct )f TT ) .-I . 

hvdrolyzed bv 
water to ethyl 
acntylaceto 



acetate 

20 

A 1 aCUC 1 aHi 4 0- 


23 

A1C1h.(^HtC()C1 

yellow syrup 

21 

AlCh.CH-ClCOCl 

hygroscopic 



cryst.ils 

. 18 

resinous product 

18 

Aicii.cch: rci.coci 


22 

AlCluRCOCl or (AlCb)Cn.R 


50 

AlCh.RCOCl 


17 

AhCl-.(RCOCl)B 

fund ion of AlCh 

24 

AhCh.(RCO.C.„n„ 

crystalline 

24 

NH 2 .COCl.AICh 


112 
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Table 2 — Continued 


Comp null iN 

rr>mplix 

( miinirnl 

IM Nn 

Brazamide 

C^H^CONIIAICL 


117 

Substatiitcd rarbaniyl 


26, 25, 112 

ohlondcs 

Chlorofumaiyl 

chloride 

none fomird , only 
resinouB prudurt 


13 

Benzoyl chloride 

AlCl. CiHrCOCI 

Irmg cnlorlesfi nee- 
dles, m.p. 93° 

27,29 

Benzoyl chloride 

AlCUC.HoCOCl 

51-3,54, 

66 

fW 

Benzoyl chloride 

AlCl.C-HrCOCl 

irirtion velocity 
study 

Benzoyl chloride 

Airi.C,HtCOCI 

lutectii' 1 6 5.T — 
AlCli B/CI 

29 

Benzoyl chloride 

rjicCCuoAici. 


.55 

Benzoyl chloride 

AIiCl.(CJl.COCl), 

jT,rge colorlp'^s 
I'lmrllap 

1!) 

Benzoyl rhlonde 

AlCIn C„HfCOCl 

inolri'ulur vv right 
study 

;in 

Phthaloy] chloride 
Tercphthalyl 

AI,C1. (C.H.C.rXC1 ) 

dispiisMon 

10 

28 

chloride 

m-Nitrobenzoyl 

AlCl.CTn.O.NCI 


52 

chloride 

p-Nitrobenzoyl 

AlCLaH.OnTS(n 


52 

chloride 

Benzoyl chloride and 

C(CJIfi).C10AirL 


5.5 

benzene 

Aromatic acyl halidea 

R COC\ AlCL 


52 

Aromatic acyl halidea 

RCOR'AlCb 


52 

+ aromatic hydro- 
carbon 

Acetone 

A]CL(C,HbO) AlCl 2r.H«0 

in p 116“ 

36 

Acetone 

3AICl,5C,HrCl 

( rmtams Cl" and 
(A1 6MenC())**^ 
ions 

64 

Benzophenone 

A\CU (C»Hr)*CO 


52 54 
6.5, tW) 

Benzophenone 

AlCl. (CbHOuCO 

in molomlar 
weight study 

30 

Benzophenone 

AlCl, (C«H.).CO 

lung yellow nee- 
dles, m.p 130 “C 

60 

Acetophenone 

AbCiB2C„ncocn, 

28 

Acetophenone 

AlCl.CaHaCOCH, 

nyslallizes slowly 
and resin i6cs 

69 

Benzene and 

AlCl.CenaCOCHa 

mo 64“C 

21.52 

CH.C0C1.AIC1. 

Benzene + acyl halide 

AlCluRCOOiHa 


17 

AlCli complex 

Toluene + 

A 1 C 1 .C 7 H 7 COCH, 

prep of acetyl 


CHiX:OCl.AlCh 


compds. 

21,52 

Xylene + 

AICIi, CaHoCOCHa 

prep of acetyl 

CHaCOClAlCl. 


compds 

21,52 

Anthraquinone 

AliClaCiBHAO, 

28 

Benznylmcsitylene 

Acid rhlorides+ 


crystals 

71 

71 

anthracene 

Acid chlondesH- 



71 

phenanthrene 

S-Bcnzoyl- 

Ain Ci.H,.0 


71.72 

acenaphihene 
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Table 2 . — Continued 


Cninpnunrtfi 

Oontplcx 

CoinniPiit 

Rpf. No. 

2-Beiizoylfluorenc 

Acid chloridefl+ 

A]C1,.C,H,.0 


71.73 

71 

stilbene 

Arid chloridesH- 



71 

diphenyinaphl Lalene 

Add chlorides + 



71 

mesityl one 

Add chloridesH- 


m.p. 114 

71 

rctcnc 

Brnzoyl rliloridf‘+ 

( ( :«H-,CO.C,II . .C.1IJ =A1»CI. 

large, yellow 


biphnuyl 


needles 

19 

Benzoyl chloride -t 

( Cn HaC 0 .CjaHit ) aAlsCla 

red crystals 

19,74 

rptene 

Phi'nyl tolyl ketune 

a.Hr.CO .CJLCHa.AlCh.FlCl:. 


57 

+ ferric chloride 

jr-Benzoyl-jS-niiphlhnl 

AlCI...Ci 7 HiaOr 


74 

T-Beiizoyl-^-nuphthul 
Phlimloyl chloridr+ 


golden yellow 

19 

19 

Mrnmatic hydro- 
rnrbons 

Bnlviyd chIoride-1- 



19 

aroiiialic hyilro- 
rarbons 

2,3.-Dibrnmoanlhi'a- 

quinonc 

3 . 1 0-Prry 1 me qu i n nn e 


very si able, 
yellowish micro 
crystals 

70 

70 

Phi'iianthrennniiKiiif 

AlCI, Ci.H.Oi, 


67 

3-Ni 1 rob enz □! >h cn on c 

AlCilaCiiiHyOjM 


52 

4-MeU\ylbenzo- 

AlCL.Ci*H«0 


52 

phonone 

3'-N i 1 r o-4-methv 1- 

AlCL.CuHuthN 


52 

bi'uznphenonc 

4'-Niiro-4-inL‘1iiyl-- 

AlCh.CiJLiOaN 


52 

bonzophenone 

Bmzovlbi phenyl 

ALCh.(CiBTTM())a 


19, 74 

4“Metiinxybenzo- 

A1 C 1 ,1 .C 14 H 1 aOs 


52 

phenonc 

3'-N i Lr D-4-methoxy- 
benzophrnonc 

4'-Nil r o-4-mcth oxy- 

AlCb.Ci.HnO.N 


52 

AlCl. Ci4Hn04N 


52 

beiLzophcDone 

Cone, fonnic add 

AlaCh(CIIOa)4.2(maOB.5HaQ 

soluble in rone. 



■ 

acid at 60 '^C 

US 

Aeeiic add 

4AlCI,.CH„COOH 

diseiis.s'iun 

75 

Acetic acid (glaciiil) 

2AljCl=(t'-H 0.)y nnd 
Al,Cl,(OJI 0,)s 15 HA) 


ns 

Aretio acid 

AlCl,aAU()OrrH.), 


.3S 

Acetic anhydride + 
ether 

Propionic acid 

(C.H«)=05AlCl[00CCH,]s 


79 

Al=ClAC,II-.Os), 


118,29 

Acetic acid+ 
chloral 

Diphenylphthalidn 

Al,Cl(OOCCHa)..CClaCHO 


76 

C»H,.0,.AICI. 

crystals stable to 
300“ 

77 

o-Renzoylbenznir 

CulI„O..AlaCl. 


78 

UL'ld 

l^tliyl oxalriLe 

Ain,.(UI,o(), 

Aic'ii.cnAi'ooaii.,)!, 


75 

Ptliyl iniilonate 


75 

Pdhyl benzoate 

AiA:i«.(r:jiaCnoc,H.), 


84 

Ethyl benzoate 

AlCl..C.H.COOC,H, 


75 
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CompiiUDdB 

Phenyl benzoate 
Methyl mandelatc 
Methanol 


Methanol 

Methanol 

Methanol 

Methanol 

Methanol 

Ethanol 

Ethanol 

Ethanol 

Ethanol 

Ethanol 

Aluminum clhoxidc 

Aluminum ethoxide 

Aluminum eth oxide 

Ti^Propanol 

7i-Propanol 

n-Propanol 

Propanol 

Aluminum prop oxide 
Diehl orohydrin 

Butanol 

Butanol 

Butanol 

Ifioamyl alcohol 
Isoamyl alcohol 
Isoamvl alrohnl 
Allyl alrohul+ 
methanol 
Phenols 
Phenol 

Phenol 

Resorcinol 

Diethyl ether 
Diethyl ether 

Diethyl ether 


Di^-propyl ether 
Phenyl ether 
Phcnetole 
Anisole 
Anisole 


Diphenyl sulfide 


Table 2 . — Continued 


Complex 

Conuiieiit 

Ref. Nd. 

AlClt CiaHioOi 


85, 51 

^AlCla.CoMuiCh 

AlCUCOCH.) .2AlCli.16CH.OH 

in absolute ether 

75 


whitcj crystal- 
line, unstable 



when heated 

36 

AlCU.4CHi,0H 


SO 

AlCh.6CH.0H 


80 

ALC1..10CH.,OH 


45 

AhCli(OCH.)i 
none formed 

n viuleiiL reaction 

45 


ensues 

92 

AlCh(OC.H.) 2AICL.IOC.H-.OH 


36 

ALCL.8CJIoOH 


45 

ALCL.(0C,H0. 


45 

C.Hb O.A1CL 


56 

none 

a violent reaction 



ensues 

92 

AlCL2Al(0C.Hr.). 

used for ester 



condensation 

86 

(?) 


96 

A1CL.(C.H«0)bA1 


45 

AICL(OC^Ht) .2AlCl.,.5CnHT( >11 


36 

A1CL.3C,H.0 


49 

ALCL.nC.HTOH ;ALCL.(0 C»Ht)* 


45 

2AlCL.5CHH,On 


80 



96 

ALCL(0:C.H5CL)2 

civstallinc, hyRro- 
scopic 

68 

ALCL.4aH..0H 

45 

ALCL.(0C.H.), 


45 

A]Cli2C4HinO 


49 

2AICLAC«HtiOH 


80 

AleCL.(OC„H.i)2 


45 

AKCL.n(C^HiiOH) 


45 

AICl..r.H„0.CH40 


97 

ArOAICL 

ALCI..(0C.H5). 

yellow powder. 

59 


readily soluble 
in CS. 

68 

C.HbO.A1CL 

ALCLCsH^O. 

thick, reddish- 

56 


brown liquid 

68 

AL(^L2(CeHOjO 

54. 75 

ALCL2(C.Hc).0 

molecular weight 


determination 

30 

ALCL2(C.H.).0 

m.p. 33-35“, color- 



loss plates, rom- 
pletely decom- 



red liquid 

81 

ALCL.2 ( C.H8).0 

28 

none formed 


75 

A1.C],2C.H.0CH. 


28 

AirLc«n„ocH. 

study of AlCL 
compounds with 
organic subs. 


complex formed 

coniaininic Os 
yellow precipitate 

75,8 

83 
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Cumpoundii 

Nitrobenzene 

Nitrobenzene 


NiLrobenzene 

Nitrobenzene 

Nitrobenzene 

Nitrobenzene 

«^-l)initrobenzrnn 

o-Nitrutuluene 

f;-NilioioIiii‘ne 


rj-Nitrotoluene 
oi“Nilrnt olueno 


//j-Niliolohieue 
/j-\ilrololnene 
f)-Chloroni(i iibeiizene 


•m -Chloron 1 1 robenzen e 

m-Chloronitrobenzeiie 
p-Chl oroiiilr obenzeni' 

o-nroinonilrobenzene 
m-Broin onitrol lenzenr 

yj-Bromonitrobenzene 

4-Nitrodiphenyl- 

methane 

Benzene +nitrosyl 
rhloride 
Aniline 4 HCl 


Pyi’idine 

Benzeneazo-;p-phennl 

Aretonitrile 

Aretonitrile 

Aeelonitrile 

Chloroareto- 

nitrile 


Table 2 . — Continued 

Cniiifilrv 

AL(M..2a,H„N(Jfi 

AlC1...2CoHBNt). 

AlCla.2C.H^NO. 

AIC1.CbH«NO. 

AICl,.CflHnNOa 
cnniplex formed 
AlCl. rjl.CNOa), 
AinClfaCnH^NO, 
AlCL.2CH,CaTLN()- 

AlCln.CH.CBHiNO. 

AlCJ,.2CnaCJI.NO. 

AlCliCHaCaH^NO^ 

AirLCHir»H4NO. 

AlCb CICULNO. 

AlCIn CICbH^NO* 

two rompoiinds 
Al(’l,ClCaH4N(). 

AlClnBrCaHaNOo 

AlCbBrCaHaNO. 

AlCln-BrCaHaNOa 
AlCb.Ci.,HnO..N 
2AlCl«.3CnIIn 3N()CI 
Airb.3(r„HoNH.Hri) 


2AICbC.H,N 

AlCL..CflHiN 

AlCb^CaHiN 

2A10I.,.aHL.Nri 


rrjiiiiiipnt Jlpf. Nn. 

54. 88. 
106-108, 


lie 

colorless, hi^lily 
hygroscopic 
rhombic plates, 
m. 25.5"C. 106 

rhnnibir plates. 

m. dOH^C, 53 

pale yellow nee- 
dles, m. WC. 106 

53, no 

crystiils 30 

75 
75 

yellow plutes, 
decompose at 
55.1 “C. 105 

highly hygroscopic. 

3 ^rllow needles, 
ni.p. 105 

s( raw-yellow plates, 
transition point 
35“C. 105 

bundles of needles, 
m.p. 99.5"C. 105 

very long plates. 

m.p. 109T 105 

yellow hygroscopic 
needles, m.p. 

89 "C. 53.105 


golden yellow 


hygroscopic nee- 


dles, m.p. 104 “P. 

105 


53 

^traw-vellow plates, 


nip 126"C. 

105 

m.p. lOO^C. 

105 

long colorless 


needles, 


m.p. 116“C. 

105 

yellow needles. 


m.p. urre. 

105 


60 


103 

^.tndy of double 


salts of aniline; 


white rectangular 


crystals 

87 

cri'stallinc 

88 

study of valency 


of halides 

89 

white crystalline 


powders 

90 


91 


74 

crystallinn, m p. 38" 

90 
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Tabic 2. — Concluded 


Compounde 

Oiuiililrx 

Cummpnt Krf. Nn. 

Tiichloroaceto- 

2AlCh.C,NCla 

white crystalline, 

nitrile 


unstable when 

Propionitrile 

2AlCla.aH«N 

heated 00 

ni.p-US" 91,74 

Propionitrile 

AlCle.CallJSr 

III .p. 70-80" 74,91 

Propionitrile 

AlCLiiCiflaN 

in.p. 58-00" 74. 91 

Diphenyl suJfone 

AlCU.CaaHioO^S 

52, 94, 95 

4-Bromodiphenyl 

sulfone 

Phenyl p-tnlyl sulfone 

AlCh.CiJf«0,BrS 

93,05 

AlCh.C«Hi.OJ5 

52, 94, 95 

4-Mcthoxydiphcnyl 

AlCI,.CMHi,OaS 

52 

BuUone 

Methylsulfonyl 

AIC1,.CH:.0.C1S 

98 

chloride 

EthylBulfonyl 

Aici».c.njso.ci 

9S 

chloride 

Benzenesulfonyl 

A1CL..C.H,0,CIS 
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Chapter 4 

Mechanism of Reactions Catalyzed by Anhydrous 
Aluminum Chloride 

Introduction 

The evolution of theories coneeming the mcehanism of reactions 
catalyzed by aluminum chloride follows the growth of conceptions of the 
rule of catalysts in organic chemistry. Friedel and Crafts assumed the 
formation of intermediate compounds with aluminum chloride because at 
that time catalytic phenomena were assumed to occur by primary forma- 
tion of a complex compound of the catalyst with either or both reactants. 
It soon became apparent, however, that in many catalyzed reactions, 
complex formation could not be noted. In other instances it was observed 
that reactions in which complexes were formed were retarded rather than 
accelerated. The existence of eomplexes, therefore, did not explain the 
mechanism by which reaction occurred. 

Consequently, theie arose a new conception of the role of catalysts in 
organic chemistry. The catalyst was assumed to exert its effect only by 
activating tlie reactants In reality, the activation theory was merely a 
refutation. It was a logical negative response to the interpretation of 
catalytic activity solely on the basis of the formation of intermediate 
catalyst complexes. Heat, alone, was shown to effect numerous reactions 
which had been previously considered as proceeding only under the influ- 
ence of catalysts. In these cases the formation of intermediate complexes 
obviously was not a contributing factor to reaction. The activation 
theory thus indicates only the apparent raising of the energy level of one 
or both reactants due to excitation upon contact with the catalyst. It 
does not explain the manner in which the excitation is induced. 

Currently, proponents of both schools of thought have used electronic 
roncepts as a visual means of portraying their theories. The fact that 
aluminum chloride forms complexes with many compounds is readily 
explained by the fact that aluminum chloride, having an incomplete octet, 
is electron deficient, and thus unites with any compound whieh has an 
unshared pair of electrons. Additional explanation is necessary, how- 
ever, to explain the role of all these complexes in reactions catalyzed by 
aluminum chloride. 

Attempts to explain the disproportionating effect of aluminum chlo- 
ride are comparatively recent. Of necessity such studies involve the 
tracing of ionic changes and electromeric deformations in molecules of 
one or both reactants. Here a number of investigators have found it con- 
venient to accept complexes postulated by earlier investigators, inter- 
preting their activity or non-activity through the octet theory. Others 
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have Bf^Bumed unexplained temporary deformation of the benzene ring, 
postulating a resonance form which arts as nrreptor for any satisfartorily 
ionized particle present. Although there is no rlrfmitc proof of the 
existence of such deformed rings during Fncdcl-Crafts reachoris, cata- 
lyzed aromatic halogenntion has been shown In proceed in this way. 
Electromeric changes play a decisive role in orientation and reactivity 
in aromatic substitution. 

At the present time the activation theory, as seen in the light of elec- 
tronic conceptions, most satisfactorily explains the manifold activities of 
aluminum chloride in organic chemistry. Since it is still in an embiyo stage, 
however, much investigation of a physico-chemical nature is required 
to substantiate its applicability to all reactions catalyzed by aluminum 
chloride. X-ray studies of the benzene molecule directed at revealing it 
in a suitably excited state may do much to clear up the now rather vague 
ideas of catalyzed electromeric changes in the benzene ring. 

Complex Formation in the Light of the Octet Theory 

The tendency of aluminum chloride to form complexes i'^ best evi- 
denced by the fact that it exists as the dimer, AIoCIr, which can be repre- 
sented as; 

ri n Cl 
Al' Al’ 

Cl’ c\’ ‘n 

The greater stability of the dimer over that of the elertron-deficient 
monomer is undoubtedly due to the existence of several rc'^onance forms 
of AlgClfl which contribute to ii^ =?iabilitv On the basis of the foregoing 
electronic structure it would be expected tiiat only monomeric aluminum 
chloride forms complexes with organic compounds However, in the 
Friedel-Crafts reaction, complexes have been assumed to occur between 
AICI3 or AloCle with either or all of the components involved — the aro- 
matic hydrocarbon, the organic halide, and the reaction product The 
existence of complexes of the types 

Cl c\ 

R r C : ri : Al : Cl and R : C : 0 : Al : Cl 
6 Cl 11 Cl 

has been proved; they are stable, well-characterized products However, 
the fact that aluminum chloride does form stable romplexes with acyl 
halides and with ketones does not explain the catalytic activity of the 
metal halide in Friedel-Crafts ketone synthesis. These complexes, which 
are very stable products, hinder rather than accelerate reaction 
■ The existence of complexes of aluminum chloride with aromatic hydro- 
carbons and hydrogen halide, but not of aluminum chloride \sith the 
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aromatic hydrocarbon alone, has been indicated.^ Several investigators ^ 
have shown, by cryoscopic studies, that there is evidence of complex 
formation when benzene is treated with aluminum chloride or bromide 
in the presence of hydrogen halide, but the assigned empirical formulas, 
for example, A12C16,6 CoHq and Al2Br6,CoH5CH}i, do not signify the pres- 
ence of hydrogen chloride in the complex. Other workers ^ show, also 
by cryoscopic studies, that aluminum bromide forms no complex with 
aromatic hydrocarbons, alone, but that in the presence of hydrogen 
halide molecular compounds, in which the hydrogen halide is bound, arc 
probably formed. Latcr,^ conductivity studies were reported to indicate 
the formation of complexes of aluminum chloride and aromatic hydro- 
carbons, alone; but these observations were made on the increased con- 
ductivity noted upon addition of alkyl halide to benzene in the presence 
of aluminum chloride bejore evolution of hydrogen halide occurred, and 
licnce cannot be considered as reliable evidence for the formation of alu- 
minum chloride-aromatic hydrocarbon complexes. Hydrogen halides 
have been shown ^ to have a decided influence on the conductivity of a 
mixture of toluene and aluminum bromide. Contrary to assumptions of 
early investigators * more recent physico-chemical data ® practically 
negate the existence of aluminum chloride-aromatic hydrocarbon com- 
plexes. 

Increase in conductivity has been noted upon addition of aluminum 
chloride to alkyl halides.^ Here too association or complex formation 
is indicated, provided of course ( 1 ) that the aluminum chloride used was 
absolutely anhydrous and ( 2 ) that the rise in conductivity observed was 
not due to dehydrohalogen ation of the alkyl halide and subsequent com- 
plex formation of the resulting olefin mi\\ aluminum chloride. With 
respect to these provisions, it should be pointed out that it is very difli- 
cull to render aluminum chloride entirely anhydrous, and that in the 
course of the conductivity studies mentioned above, evolution of hydro- 
gen chloride was noted upon addition of aluminum chloride to the alkyl 
halides. If alkyl halides do form complexes with aluminum chloride 
they may be regarded as having the following electronic structure: 

TI C’l 

K : C : Cl : A1 : Cl 
U Cl 

Ionization of this complex, producing a positive alkyl ion, can explain 
subsequent reactivity. 

^ J. F. Nurrin and J. K. Wund, /. Am. Cht m. Sor . 62, 1428-1432 (1040); see also page 07. 

"“f*' rfnm. (S), 30, 436 (1B78); J. Rwk. Vheni. Suv.. 12. 1-2 (IBBO); C. Z., 
S?* « ( 2 ), 42, .501-607 (1H90). J. F. Nurrie and I). HubuiHlein, /. Am. Chem. 

1183-1170 (1930). 

"B. Meiwchutkiii. J. /Vi*/-. -f'/M m. Sm., 41, lOBlMllO (1900); C. Z., 1910, I, 187. I. Kablu- 

4 *nU ^aHianuw. J. Uuhh. Hhy^.-rhim Sor . 41. 17.56-1782 (1900); Z., 1910, I, 912 . 

• J. W. Walkei, y. Chrm. ,Si>r., 85, J082-109K (1904). 

’ page 97. 

u f T. Firla. Z. phymk. Chem.. 162, 898-414 (1932); hw hIho p. 103. 

<!• W. WaLker, loc. ri(. E. Wertsrporuoh anil T. Fiila, loc. ci(. ' also eee page 81. 
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Olefins form highly active complexes with aluminum chloride; a car- 
bon atom having an incomplete octet accounts for the instability and 
reactivity of the product 


H II 

R : C : C; : R 
Cl : Al : Cl 
Cl 


Complex formation has been assumed to take place between the posi- 
tive nucleus of the central atom of the catalyst and one of the alternate 
carbon atoms of the benzene ring, which, according to Lowry’s theory 
have a complete octet of electrons; and it has been postulated that the 
hydrogen atom attached to the carbon in question is caused to become 
labile.^ 

Walker* and Dougherty^* have found that metathetical reactions 
occur between certain types of aliphatic halogen compounds in the pres- 
ence of aluminum chloride. On this basis, the latter investigator suggests 
that ionization of an alkyl halide is induced by aluminum chloride: 


or, 


RX + AlCli RX . Aiai> ^ R^CXAICI.)- 


R :X 


Cl 


: V\ : 

U * ; \ : Al : Cl 
: V\ : 


Such an ionization harmonizes with the theory of Prins,^^ who assumed 
that aluminum chloride polarizes or ionizes benzene in such a way that 
it produces a phenyl ion and a hydrogen ion. The Friedel-Crafts reac- 
tion may thus be regarded as a reaction of the negative phenyl ion with 
the positive alkyl ion. 

Rearrangement of alkyl halides by aluminum chloride may be 
explained by Whitmore’s theory of rearrangement assuming an ionized 
complex of aluminum chloride with alkyl halide, 

Cl 

R : + Cl : Al : Cl" 

Cl 


^T. M. Luwiy, J. Chfm. 8oc., 123, B22-281 (lV2a). 

»B. V. Tiitiiuw, L. V. L»aiKiiiu. and 1. M. Karpenku, /. Otni. Chem, Huaa., 1, BIO-BIB (IfAl); 
Hrit, Chem. Abiifrace«-A, 878 (1932). 

• > J. W. Walker, /. Chan. Soc., 84, 1082-1098 (1004). 

O. Douglierty /. Am. Cham. Soc,, 51, B70-680 (1029). 

» H. J. Prina. Chem. Weekbtad, 34, 815 (1887). 

'«F. C. Whitmore, /. Am. Chim. Sor , 54, 8274-8288 (1032). 
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the electron deficiency in the alkyl ion migrates from a primary to a 
secondary to a tertiary carbon atom. 

Price and Ciskowski believe that reactions of the olefins may be 
accounted for also on the basis of the electron affinity of aluminum chlo- 
ride, with the formation of a nioleeulc having a carbon atom deficient in 
a pair of electrons. They assumed that this complex was, therefore, able 
to react with a benzene ring However, since aluminum chloride cata- 
lyzes nuclear condensation of aromatic compounds, as in the Scholl 
reaction,* a direct activation of the benzene ring must also be assumed. 

It has been shown that aluminum chloride catalyzes interchange of 
hydrogen. When benzene and hydrogen chloride containing 13.4 per cent 
deuterium chloride are brought together in contact with aluminum chloride 
at 25° and 50°, over 90 per cent of the deuterium passes to the benzene. 
Although a similar exchange occurs in the absence of catalyst, it is much 
slower.^* The reaction has been extended to the production of deuterio- 
benzene, ChD«, rontainiiig up to 98 per cent of the theoretical amount 
of deuterium. It has been sliown that in the deutcration of phenol and 
of aniline the deuterium enters only the ortho and para positions, the 
nuta position remaining unaffecleil.^'* Deutcration may thus be regarded 
as an electrophilic aromatic substitution in which deuterium is a cation 
which reacts at the negatively charged carbon atoms. If analogy is made 
to alkylations with alkyl halides, the alkyl group is a cation which under- 
goes similar reaction with benzene. 

RIeerwein and Tliickel consider addition compounds of aluminum 
(‘hloride with acyl halides to be coordination compounds, of the type: 

(RCOlMAlCh)- 

Fairbrother has shoi^n experimentally by the use of radioactive 
aluminum chloride that an interchange of chlorine atoms takes place 
between acetyl chloride and aluminum chloride. Since the interchange 
occurred in the absence of any Hiird reactant or evolution of hydrogen 
chloride, he assumed that there was a conversion of the covalent carbon- 
chlorine bond into an ionic bond: 


CH.COei + AlCl, > (CH.CO)" -H (AICU)' 

The interchange, however, does not prove that the acyl halide com- 
plex actually undergoes ionization. Wertyporoch and Firla have shown 
by conductivity measurements that the addition of aluminum chloride to 
acetyl or benzoyl chloride results in proportionate lowering of the molar 
conductivity of these acid halides 


Sec Chapter 13 . 
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fact that alkyl halides undergo rearrangement in Friedel-Crafts 
reactions, whereas no branching orciirs in Fricdcl-Crafts reactions with 
acyl halides may thus be explained by the differences in ionisation of the 
aluminum chloride complexes formed. Although the compound with acyl 
halides has been shown to be (CII3CO) (AICI4), it is not ionized. No 
dissociation occurs witli formation of an acyl ion having an electron 
deficiency; and hence the Friedel-Crafts reaction with acyl halides pro- 
ceeds udthout rearrangement of the carbon cliain. 

Eleetromme Shifts and Orientation 

The activation of an aromatic nucleus by aluminum chloride may he 
regarded as a distortion of the stable benzene ring into a lurm which 
facilitates substitution. Such a distorted molecule may, indeed, be con- 
sidered as a temporarily stable resonance form of benzene as yet uniden- 
tified: 


Indications are that it may unite with the adjunct to form a ficc radical 
of the type: 

H 

-n 

or an inn: 

+ 

It may be postulated that acyl ions add to the double bond of the 
aromatic ring. Such an addition has been evidenced in reactions of acyl 
halides with cyclo-olefins. Thus an intermediate chlorokctone in the 
reaction of cyclohexene with acetyl chloride has been isolated 
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If reaction occurred similarly at an aromatic double bond, the first 
stage of an aromatic Friedel-Crafts reaction would consist of addition 
to the double bond of the ring which has become activated by a catalyst. 

At present, the formation of a dihydrobenzene derivative as an inter- 
mediate in Friedel-Crafts reactions has been assumed by several investi- 

M H Wirianri and L Ber., S5, 2240-2255 (1922). 
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gators but it has not been definitely proved. However, investigations 
dealing with catalyzed bromination of aromatic hydrocarlmns reveal for- 
mation of intermediate addition products in aromatic substitutions, and 
provide the basis for a theory which affords a logical interpretation of 
orientation and the effect of substituents in Friedel-Crafts reactions. 

In a study of halogen-substitution as catalyzed by metal halides, 
Pfeiffer and Wizinger advanced the formation of an intermediate car- 
bonium ion in the bromination of benzene in the presence of haiogen 
carrier (A): 


Hc; CH 
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It has long been known tliat bromination of [)hcnanthrene with bro- 
mine in carbon tetrachloride yields 9,10-dibroinophenanthrene-9,10-dihy- 
hydride, a crystalline product which yields bromophenanthrene and 
hydrogen bromide upon heating at 80-100°. The dihydrodibromophenan- 
threne, commonly known as fdicnanthrene dibromide, has been a con- 
venient source for the preparation of 9-bromophcnanthrene.^** The reac- 
lioii of bromine with phenanthrene for the production of the monobromi- 
nated derivative obviously proceeds according to the scheme: 



— V--- > + 


H H 



sii iixr" ^ 


Hr 



^ ^ f Jllir 


Price has measured the rate and equilibrium for the addition of bromine 
to phenanthrene,-® the effect of sub^^titueiits on the rate of bromination/^® 
and the effect of catalysts on the phenanthrcnc-broinine reaction.®^ In 
the latter study he concluded that the reaction proceeded with intermedi- 
ate formation of a free radical, 


y ^W. Dilihey, Bir., 71, 1360-1353 (1033), A. SLiiBaiM,hiiiiclt, Z. aiiftew Ciiem., 37, 280-288 (1024); 
' A 18, 2874; pve pHKt» 102, this* biiuk 
I^P. Ffpiffi^r Slid K. Wiziiiiter, Ann, 461, l32-ri4 (1>)2K) 

Uuyduck, Ann., 167, 177-187 (1873). F V AmnUr, /. Chem. Sot., 93, 1700-1707 (1008). 

«W. E. BMhmaon, J. Am. Chem. Sdc., 56, 1303-1307 (1084). 

^VicTit. Soc., 58, 1834-1838 (1030). 

^L. F. Flour and C. Price, /. Am. Chem. Sue., 58, 1838-1843 (1B30). 

" C. Pnoe, /. Am, Chem. Soc., 58, 2101-2104 (1D30). 
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Br H 



and subsequent foniiMtion of dihydrudibruiuophenanthrcnc, 


Br H 

which is then dehydrohalogenated to moiiobromoplienanthrcnc. 

Kinetic studies indicated the intermediate formation of a free radical, 
rather than a carbonium ion as had been postulated by Pfeiffer and 
Wizinger.*® Subsequently,®- on the basis of Bruner’s measurements of 
the iodine-catalyzed bromination of benzene, it was determined that the 
kinetics of the iodine-catalyzed bromination of phenanthrene was iden- 
tical with that of benzene. It was concluded that although the mechanism 
for the bromination of benzene could be expressed as 



jr ' + IIBr + A 


the kinetics of the reaction is incapable of distinguishing between the 
atomic and the ionic niccluinisms, and that since iodine could conceivably 
effect the production of liromine ions instead of bromine atoms, the inter- 
mediate formed might have the structure which had been suggested by 
Pfeiffer and Wizinger. 

On the basis of this work, Price concludes that most aromatic sub- 
stitutions proceed through an electron-deficient intermediate which 
acquires an electron pair from ii double bond of tlic aromatic nucleus: 


r II + 


11 ^ 
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-II 



11 

+ 11 ^ 


On the basis of this mechanism, orientation is governed by the electro- 
static inductive effect of the substituent. A shift of the double bonds 
results, the shift being governed by tlie charge of the substituent. The 
following schemes are given for the negative (X) and positive (Y) sub- 
stituents, respectively: 

C. Pun anil C E ArnUon, J. Am. Chtm Rue, 60, 2MU-2887 CIOSJO 

Biuner Z. ph^vik. Vhvm., 41, 513-648 (1002); BuU. Arad. Sci Cmcow, lBl-200 (1M2) , 
/. Chtm Soc. Abu, 12, 447 (1D02). 

" C. C. Pncf, "Aiiinmtic Bubititution," Paper presented before Oivanip Diviaiun, AmeiiDan Clieui- 
ical SoeietVi Boston, 1380. 
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Atei'iUining an alternate charge* on evei\ caibun atom, the subbtitucnt X 
induces shifting of tin* relative election density to the ortho and pa? a 
positions, whereas the 'substituent Y shifts the relative electron density 
1 o the meta position Substituent Y, if sufficiently strong, may decrease 
the overall electron density of the aromatic nucleus to such an extent that 
iurther substitution is hindered oi entiiely inhibited 

Price points out that the “residual chaigc" ot the atom may be calcu- 
lated on the basis of the electron affinity of the atoms in their normal 
valence state, or from dipole moment data The following table, show- 
ing the relationship between orienting influence and residual charge, is of 
^uffieieiil intciest to wan ant reproduction. 
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A similar relationship between dipole monieiith and orientation in aro- 
matic substitutinn had been previously indicated by Svirbely and 
Warner. 

As the electron affinity and the dipole moment of the substituent 
mereases, meta orientation is likewise increased. The overall electron 
density of the aromatic nucleus dccreascws as meta substitution becomes 
more pronounced, and reaction with positive inns is generally hindered; 
hence in the Friedel-Crafts reactions such substituents as COR, COOH, 
CN, and NO2 are frequently referred to as deactivating groups. On the 
other hand, the groups NHa, OH, OR, Cl, CHa, and CH2CI, which are 
ortho-para directing groups, incrcabc the overall electron density and 


Mulliken, /. Chvm. Phyt., 2, 7B2 (1034). 

"W. J, Svirbely and J C. W'^Hrner, / Am Chtrn Snr , 57, MS-US (IMU). 
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thereby activate reaction with a positive charged ion. This does not 
mean, however, that all ortho-para direetiiig groups facilitate Friedel- 
Crafts reactions. If the substituent, itself, has a replaceable atom, as in 
the case of the amino- group, Friedel-Crafts reaction, with substitution 
at carbon, is prevented; Friedel-Crafts reaction with phenols takes place 
only under certain conditions. 

The effect of subbtituents on orientation can best be explained electro- 
inerically.''*^ Activation, with production of a negative carbon atom, may 
be effected by a substituent group. This is illustrated in tlie case of 
phenol; 




This occurs to a lesser extent with toluene; here the methyl group is 
attaelied to the benzene ring at the negalivc end of a di])ole: 



Conditions are thereby effected for the foimation of ortho- and para- 
derivatives by reaction of negative carbon wilh an available cation. 

When the substituent is present in the benzene ring at the positive end 
of the dipole, elcctromcric change may occur as it docs with nitrobenzene: 
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The drift of electrons prevents reaction with cations in the para and 
ortho positions; substitution, if it occurs, is in the rncta position. The 
nitro- group, however, effects such a strong eleetropositivc field, that it 
tends to hinder entrance of a cation even at tlie mcla position. Nitro- 
benzene, therefore, does not undergo Friedel-Crafts reactions. The 
deactivating effect of the nitro- group has been found to extend oven to 
the remote ring of such a compound as nitrobiphoiiyl. In nitration, the 
upsubstituled phenyl group is clearly deactivated hy the nitro- group 
situated at the extreme end of the other nucleus. Dipole moments of 


Spa W. a. WaloiM and T. M. Lov^ry, "riusuHl Atfpecto uf Orcauic Cheinistiy," pp 423-152, 1B37. 
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nitrobrnzcno nnrl /j-nitrobiplirnyl liavc boon found fo bo of approximately 
the flame order.'*^ 

The eleotronio disturbanres in nitrobenzene arc eimilar to those pos- 
sible in pyridine. Sidgwiek indicates those as follows; 
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Pyridine, like nitrobenzene, IhiH does not undergo Friedel-Crafts reaction 
with alkyl or acyl halides. 

Afe fa- orientation in Friedel-Crafts reactions with toluene has been 
oecasiunally reportiod, especially by earlier investigators*; and it has 
been recently shown that ?7^cfa-substitution is due to primary forma- 
tion of para-derivatives and subsequent conversion into the larfn-deriva- 
tive. The change of p-dipropylbenzene to m-dipropylbenzene was 
assumed to proceed by migration of a complex of aluininum chloride with 
I he proj)yl group: 
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of the m(»fa-derivative may be 

explained 


anionoid centers pnra to Ihe alkyl groups. 




Upon contact with aluminum chloride, therefore, only the unsubstituted 
positions 4 and 6 are affected. Baddeley and Kenner reported no isomer- 
ic. Q. LeFuvre end R. J. W. L.-Fpvrr, /. Chrm, Bor,» 1130-1137 (1036). 

N. V. Bidgwirk, "The Oi|:niiJc of Nitingpn," p. 323, 1937. 

* See pages 82 and S 7 . 

i u. Baddhy and J. Kcniipr, J. Chem. fioc.. 303-300 (1035). 
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ization during migration of tlio ?i-propyl group. This Iirr boon quoRtioncd 
by Nightingale/^ 

Since rearrangement of dialkyl benzenes to m-rlerivativos takes place 
at higher temperatures in the presence of aluminum chloride, it has been 
eoneludod^- that 7?2-substitution in Friedel-Oafts reactions is a funetion 
of temperature. 

Effect of Heat. Nenitzeseii and his co-workers have shown that 
with reactive components, Friedel-Crafts reactions may be effected in the 
absence of a catalyst. When benzyl chloride was heated with such highly 
aromatic compounds as biphenyl, naphthalene, anisole, and mesitylene, 
the expected diarylmethane derivatives were secured. Similarly, benzoyl 
chloride acylated biphenyl, naphthalene or anthracene simply by heating 
the reactants in the presence of nitrobenzene. An almost quantitative 
yield of 9-benzoylanthracene was secured in this way. Since these eon- 
densations proceed in analogous manner but at lower temperature in the 
presence of aluminum chloride, the Frierlel-Crafts reaction may not 
necessarily involve formation of a complex witli a metal halide catalyst. 
The fact that certain reactions can be effected either by thermal excita- 
tion or by aluminum chloride indicates only that aluminum chloride, like 
heat, is capable of activating the reactants involved, and it does not 
explain the mechanism through which the activation is brought about; 
however, the possibility that both heat cataly^s and metal halide 
catalysis may follow tlic same path should be borne in mind. 

Aliphatic Reactions 

Instances citing tlie ‘‘loosening” effect of aluminum rliloride as evi- 
denced in a number of aliphatic reactions effected in the prosenco of this 
catalyst have been pointed out by Ncnitzcscu who expresses the follow- 
ing views: 

a) Halogen ions or halogen compounds which easily ionize, form 
stable molecular compounds with aluminum chloride. 

b) In saturated hydrocarbons the electrons are bound so fast to the 
carbon atoms that the formation of a stable molecular compound cannot 
be ronsidered. The action of aluminum chloride on saturated hydro- 
carbons can be explained onlv by the fact that the aluminum rhloride 
causes an attractiov of the electrons of carbon atnm.s, whereby a rever- 
sible deformation of the electron shells of these carbon atoms occurs. 
The consequence of this deformation is a loosening of one or more bonds 
HO that isomerization of the carbon chain is made possible, as for 
example : 

D. V. Nlghtingnlp. Chem ReviewH, 25, 854 (1889). 

' J F. Norria ami D. RuhinMein, / 4m. Chptn Sor , 51, 11B3-1170 (1B8B). 

* C. D Nenitjppru, D, A IsacfHcu, anJ C. N. loneftrii, Ann., 491, 210-220 (1031); C A., 25, 
1257 

C D Nenitisesru, PerBtmal rommumraUm. 

(* I) Npnitre^eu and 7. P. Cantnniari, Bar., 55, 1097-1100 (1083). 
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Aliphatic hydrocarbons likewise undergo isomerization. 

c) If acceptors for hydrogen are present, the hydrogen is given off, 
and there results a true, stable, moleeular compound of aluminum chlo- 
ride and the resulting olefin. This compound of aluminum chloride with 
an olefin is identical with that to be described under (d) ; and it is in 
most cases very unstable so that it is again changed immediately. 

Halogen compounds, both organic anrl inorganic,^® have been shown 
to act as acceptors for the hydrogen evolved. Further, the saturated 
carbon chains themselves can also act as acceptors for the liydrogcn, by 
breakdown to lower molecular weights. 

The hydrogen in the saturated hydrocarbons is strongly activated, for 
which reason it is capable of all possible reductions of halogen com- 
pounds. A beautiful example of this is the formation of the hydrocarbon 
C12II22 from cyclohexane, C0II12. (Sec under (d).) 

This reaction proceeds at C'C with great velocity if an acceptor for 
the liydrogcn is present (Keaction (b).) This explains why cyclohexane 
can be heated with aluminum chloride alone for a long period at 80 *^ 
without decomposing the molecule.'*’ 

Ipatieff and Komarewsky have shown that if the temperature is 
increased to 150 ^, cyclohexane gives the hydrocarbon C12II22 and lower 
hydrocarbons, esi)ecially isobutane. 

The following explanation is the only one possible for the reaction 
occurring at ISO""; The hydrogen which is freed by the formation of the 
hydrocarbon C12H22 usee as acceptor the carbon chain of the cyclohexane 
molecule itself, which changes into the observed lower hydrocarbons. 
The carbon chain C — C is even a poorer acceptor for hydrogen than the 
carbon-halogen bond, R — X. For this reason the reaction, in the absence 
of halogen compounds as acceptors, requires a much higher temperature. 

If aluminum chloride is allowetl to react on n-hexane at boiling tem- 
perature,^® only a very small amount of lower hydrocarbons is formed, 
and there is only a very small amount of (polymerized) olefins in the 
"lower layer.” 

r. IJ, NeiiiL^eHvu uiiiJ C. N. Ahh., OI, 1811-210 (1081); C. D. Nenitiieflou and 1. P. 

t/iiiiLuindii, Btr., 05, 807 812, 1440-1453 (1932). 

I). Neiiil/fMfii niiJ J). A. Imucpiuu. Ber . 67. 1301-1303 (1034). 

1). Neiiilzi-Nuu jiiul J. p, Bir., 66, 1007-11UO (1838). 

'"N. N. Iputiell anil V. I. K..iimiewHky, J. Am. Chem. Sor., 56, 1B26-1D2S (1034). 

‘“U. 1). Neiiit/BMCU anil A. DjiiKun, Hvr., 66, 1892-1900 (1088). 
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Most of the unchanged n-hexane is directly isomcrizcd and cyclized 
without previously undergoing a cleavage. If cleavage and later addition 
of olefin to paraffin had taken place, more side-products would have been 
formed. These same views apply also to the above-mentioned isomeri- 
zation of cyclohexane into methylcyclopentane which occurs at 80°, 
with practically no development of gaseous hydrocarbons, and without 
the formation of olefins in the lower layer. 

d) Olefins haA^e an extraordinarily great affinity for aluminum chlo- 
ride. If, for example, a dilute solution of an olefin in an inert solvent like 
carbon disulfide is shaken with aluminum chloride, the entire olefin is 
immediately precipitated on the aluminum chloride, and the resulting 
layer of carbon disulfide is free of olefins. This reaction is quantitative. 

The complex which results contains a carbon atom which has only 
6 electrons and which is therefore unstable. Only seldom can the olefin 
be recovered from this complex. The following may occur; 

(1) A rearrangement of the carbon skeleton. 

(2) An addition of hydrogen chloride. 

(3) An addition of acid chloride, KCOCl.AlCls, activated by alumi- 
num chloride (see below under (f ) ) . 

(4) A polymerization. 

In the last case the Whitmore conception applies fully. Polymcrizalion 
is the rule when no addendum, as TIX or RCOCl is present. For exam- 
ple, if the lower layer in the preceding experiment is decomposed with 
water, polymeric olefins are obtained for the greater part. 

The mechanism of dehydrogenation during polymerization is still not 
clear. Such a dehydrogenation is seen in the lonnation of the hydro- 
carbon C 12 H 22 , as given below.^® 

2C5lIi. — ► iuiU2 + 2IT (A) 

Here the hydrogen can be taken up by all possible acceptors, as for 
example: 

2JI 4 HC 1 — ► HU + R . H (U) 

This appears to occur probably according to the following scheme: 
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A proof of lliis opinion lios in tho fart that the reartion can be held 
in tlic first phase (C) by weak, p()isonr(l catalysis. In this phase tlie 
olrlin is stabilized by the addition of CH.iCOCl.'^^ Here no hydrocarbon 
Ciallus is formed, since the weakened caialyst cannot bring about the 
irreversible hydrogenation of step (D). 

e) The aroniatie hydrocarbons are in a middle i)osition between the 
saturated hydrocarbons and the olefins, that is, they form no stable com- 
pounds, as do olefins, but their electron shells are considerably more 
deformed than those of saturated hydrocarbons, so that they are capable 
of the known reactions. 

f) Halogen atoms in the simple halogen compounda are deformed 
(activated) without being able to form molecular compounds. This ia 
known by the fact that halogen migration in carbon chains can occur, ®- 
and is further evideneed in Friedcl-Crafts condensations. 

Acid clilorides form stable compounds which possibly are dissociated: 
(RCOl^fAK'U) . These complexes react only slowly with aromatic 
hydrocarbons. If a small excess of aluminum chloride, over that amount 
^^hich corresponds to a molecule, is added, there results a compound: 

(’1 

n : r ; 0 : VI : ri 

; n : n 
n : \1 : n 

Cl 


whicli reacts considerably more quickly fsince it rontains a carbon atom 
with an incomplete octet). This fact was first observed by Olivier,^’’* 


R- NraitSBaru and I. P. Cantuniari, Ser., 65 , 1440-1453 ( 1032 ). 

NRiiitssesou anil 1 . G. Gavat, Ann., 510 , 260-271 ( 1035 ); C. D. Nenitzwcu and D. Ciir- 

h r. J. Ohvjpr, Her. frnr chim., 33, 91-182 (ini4): r. A., I, 3018. 
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who puintod out by reaction velocity measurements the grertler catalytic 
activity of the aluminum chloride in excess. 

The action of aluminum chloride in isniucrizahon, dehydrogenation, 
cracking, jiolymerization, and Frierlel-C 'rafts reactions in the aliphatic 
and cycloaliphatic series is thus brielly suiuiuarizcd by Nenitzcscu: 

(1) Under the action of aluminum chloride the saturated hydro- 
carbons undergo an isomerization of the carbon chain which 
leads to an equilibrium. This isomerization is an immediate 
reaction, comparable with keto-enol tautomerisin and is not 
limited by cleavage and further addition. 

(2) Under some extreme conditions (at high temperatures) the 
hydrogen atom is cracked off from the carbon atom. This is 
immediately taken up by another molecule, which by scissurc at 
C — C bonds decomposes into lower saturated hydrocarbons This 
reaction is the basis for the cracking of hydrocarbons with alu- 
minum chloride (McAfee process, etc ) . If hydrogen aiTejitors 
are added, the cleavage of hydrogen occurs at 150° and lower 
temperatures. 

(3) The branched hydrocarbons crack off the hydrogen atom and 
change into olefins considerably more easily than the un- 
branched hydroearbons It is for this reason that in the action 
of aluminum chloride and an acyl halide on cyclohexane, isomer- 
ization occurs, with the formation of methylcyelopentane, and 
there is obtained a ketone only with the eyclopentano ring 

(4) The olefins, which arc formed from paraffins as has been shown 
above under (2), polymerize, and remain bound fast with the 
aluminum chloride. A part of this polymer can add hydrogen 
chloride and then be reduced by the active hydrogen atom 
There are thus formed higher saturated hydrocarbons (as that 
of the type to which the compound CtsH 22 belongs) which leave 
the lower layer and go into the upper. Naturally these com- 
pounds, like the original hydroearbons, can be isomerized, 
dehydrogenated, cracked, and polymerized, for which reason the 
picture of the reaction is complicated. 

(5) The addition of olefins to paraffins under the influence of alu- 
minum chloride is thus understood : The paraffin is first dehydro- 
genated. The resulting olefin polymerizes with the already 
present olefin, and is changed into a dimer, which is then hydro- 
genated to a saturated hydrocarbon according to the scheme 
given above. The hydrogen neressary for this reaction comes 
from the dehydrogenation of the paraffin. As an intermediate 
phase of the polymerization can be assumed an addition of 
hydrogen chloride as noted in (d) (D), 

Our Proposed Proton Theory, — iMany reactions catalyzed by alumi- 
num chloride require the use of hydrogen chloride as an activating agent. 
This has been repeatedly noted in reactions which involve addition to an 
olefinic double bond, as for example, in the alkylation of benzene with 
olefins. Early investigators assumed that in reactions of this type 
hydrogen chloride was needed to convert the olefin into an alkyl halide. 
Such an assumption, of course, entails its corollary: that alkylation with 
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ulcfinsj and hence all reactions effected with olefins in the presence of 
aluminum chloride, proceeds by the primary formation of an alkyl halide. 
The question of olefins versus alkyl halides as the active agents in 
Fricdel-Crafts reactions is still debatable, for evidence has been offered * 
partially to substantiate the assumption that alkylation with alkyl 
halides occurs through conversion of the alkyl halide into an olefin. 

This distinct contradiction does not help in accounting for the known 
activating effect of hydrogen chloride. Moreover, it has been noted in 
many instances that even iu condensations effected with alkyl halides or 
otlier chlorinated compounds, the presence of traces of moisture in the 
aluminum chloride has an accelerating effect. It has been shown, too, 
that cracking of paraffinic hydrocarbons docs not take place in the pres- 
ence of aluminum chloride which had been freed of hydrogen chloride by 
melting under pressure with powdered aluminum."' From this we may 
infer that hydrogen chloride, either present as such or produced by reac- 
tion of water with the catalyst, has an activating influence not only on 
reactions involving olefins, but also on condensation with alkyl halides 
and on cracking. However, the importance of hydrogen chloride for 
Fricdcl-Oafts reactions in general cun be determined only by working 
with absolutely anhydrous aluminum chloride; and, since the compound 
takes up moisture avidly, it is questionable whether anyone has ever 
been able to prepare aluimnmn chloride m a totally anhydrous state. In 
this laboratory we have made repeated attempts to prepare thoroughly 
anhydrous aluminum chloride without success. Cunt amiiiat ion by mois- 
ture from this source is, therelorc, difficult to avoid. Although aluminum 
chloride reactions are commonly regarded as taking place under anhy- 
drous conditions, it is questionable whether the reactants themselves are 
ever entirely moisture-free. Benzene, for example, is rendered anhydrous 
only with difficulty; in the majority of procedures involving this hydro- 
carbon no attempt is made to remove the last traces of moisture from it. 
The apparatus used may be another source of contamination. The tech- 
nical dilficultie.s involved in attempting the total exclusion of water from 
Friedel-Crafts reactions lead us to believe tlmt traces of moisture, and 
hence of hydrogen cliloridc, are unavoidably present. It is thus possible 
that all the reactions which are generally attributed to catalytic activ- 
ity of anhydrous aluminum chloride arc really caused by a combination 
of aluminum cliloride with hydrngtm chloride. Aluminum chloride con- 
taining neither moisture nor liyclrogen chloride may be found to be 
entirely useless for catalyzing Fnedol-Cralt.'^ reactions. 

If hydrogen chloride is conceded to be generally beneficial in alu- 
minum chloride catalysis, any explanation of its activity should be 
applicable to all the reactions promoted by this catalyst. 

Although aluminum chloride absorbs gaseous hydrogen chloride until 
a definite point of saturation has been reached, and although the author 
has found that aluminum chloride which has been treated in this way is 

* Reo pages 33 and 103. 

‘ • N. Iputipff nnJ A \. Giobbp, Ini, Eny Chem , 28, 461-481 (1D38). 
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a more active agent than ordinary anhydrous ahiminuin chloride, nothing 
is known about the manner in which hydrogen clilnride combines with 
aluminum chloride. It is known, however, that aluminum chloride forms 
addition compounds with ainmoniii, sulfur chloride, hydrogen sulfide, 
hydrogen cyanide, and phosphine. It forms definite compounds with 
many metallic halides, yielding the very useful catalyst, NaAlCU, with 
sodium chloride. Hydrogen chloride would be expected to form an analo- 
gous compound, 

HCl + Airu > HAlCh 

but such a compound has not been isolated. 

Boron trifluoride, which re.semhles aluminum chloride in catalytic 
activity, does give isolable coinpound.s with a number of acids. Its com- 
plex with boric acid, dihydroxyfluoroboric acid, has been shown to be an 
extremely effective catalyst for certain polymcrizalions, and it forms 
analogous compounds with acetic and formic acid 

A complex of aluminum chloride with such an acid as hydrogen clilo’ 
ride would, by analogy, lie exiK'cted to have unusual catalytic properties. 
It should have the electronic structure, 

Cl 

H : (i : A1 : ( 1 
Cl 

and on this ba.sis should be a highly ionizable acid.^ 

c\- 


11+ + Cl : A1 : Cl 
C’l 


The author’s explanation of the activating effect of hydrogen chloride 
is based on the formation of tlic very reactive iiroton a.s postulated 
above, the activation proceeding as it has been shown to proceed in acid- 
catalyzed polymerizations and isomerizations. The effect of the hydro- 
gen ion on benzene can be formulated as follows: 


IT in 

C. C U 


U : ( ■ C : H 

+ 11 ' 

H : C (^ : H 
* 0 ■ 


H : C ■ ■ c' : II 

H:(' C:\l 


C 


11 n 

* In tfalR rnnnertion jt is intr*Testmp to nnli- lliul (hi* ccdnUirljvilv nf nn niili\ ilroiiH tNliicrip 
Boliition nf niuminuiii brnmiilc is iiiurensprl ii\ 1000 tunes iipnii iirlilitirjii uf li\(liLiKeii IjiumuJc. See 
J. F. Nuiriii anil J. E. Wood. /. Am. Chetn. Soc., 62, 1428-1432 (1940). 
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Tlir roMiltinp hriizrni*, si*t inln a vory iin.'atahlc state, would 

thus be sufficiently activated to jiermil ready substitution. Any com- 
pound having an unshared pair of electrons, for example an olefin, would 
add witli the proton in analogous manner. Tlic addition of the proton 
to an alkyl halide at the halogen, followed by shifting to a more stable 
state, would likewise account for isomerization of this type of reactant, 
iind for aceoiiipanying activation. It is thus possible that in some 
Friedel-Crafts reactions both the aromatic and aliphatic component are 
activated. In its attempt to secure electrons, the proton can be expected 
to have a disrupting effect on saturated aliphatic hydrocarbons, evidenced 
by cracking and isomerization. 

The formation of the active* inleniiediatc, HAK^U, and its ready ioni- 
zation into IP and Alt Mr thus can account for the manifold reactions 
catalyzed by aluminum chloride. Here, too, we have a coordination of 
aluminum chloride catalysis with acid-cat alyzed reactions, as well as an 
explanation of the siindarity in reactivity of other metal halide catalysts 
which arc capable of forming an addition compound with hydrogen 
chloride. Tnlike the ‘‘complex theory,” our theory is not hampered by 
necessary correlation of complex formation with activity, which too 
often can be flone only inarlequatcly. Neither must we contend with the 
disturbing fact that many of the known aluminum chloride complexes 
arc, after all, too stable to promote reaction. 

This thought has been partially brought out by Ipatieff and his co- 
workers, -- who have suggested that the role of hydrogen chloride in some 
reactions may be explained by assuming that the compound, HAICU, 
itself form addition jirodiicts with the reactants. Thus it has been postu- 
lated that olefins react with IIAKMj to yield esters which arc analogous to 
(hose obtainerl with sulfuric arid, and that the esters thus formed react 
with aromatic hydroearbons to yield alkylated products: 

VAU 

RCIT : Cllz I HAICI4 — ► RC’TI . CH, ->• C.n.dH 

I \ 

riAlCl, R 

The alkylation of aromatic hydrocarbons with alcohols is similarly 
assumed to proecerl by the formation of an addition compound of IIAICI4 
with the alcohol. These assumptions were advanced to show that, since 
reaction does not rc.sult in the production of branched alkyl benzenes, in 
the instances studied it could not proceed through intermediate formation 
of alkyl halides. However, Ipatieff’s explanation falls down in that it 
does not account for reactions of substances which cannot be estcri- 
Ced. If the compound, HAICU, does acid to Friedel-Crafts reactants in 
general, it couhl do so in many instanees only by hydrogen bonding. 
Although such a possibility suggests interesting speculation, if hydrogen 
bonding did occur, the resulting complex j)robably would ionize to give 

^ V. N IpatiefT, H. Pinea, and L. Bchmerljng, J. Org. Chem.f 5, 2JS3-263 (1D40). 
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the same piodiirt whirh would be obtained by dnert addition of a proton 
In alunimuni ehloride cataUsih we have to deal not only with com- 
pounds which react with even very highly ionized acids, but with com- 
parativel> inert paiaffins, with compounds like atid halides and anhy- 
diides which are highly acidic in themselves, and with difficultly disrupted 
aromatic nuclei 

The proton theory whieh we are advancing does explain the mechan- 
ism through which the eatahst is able to effect such a miscellany ol 
reactions as cracking ol paiaffins oi of aromatics, dehydi ug( nating con- 
densations of Biomatic nuclei, isomerizations and rearrangements in botli 
the aliphatic and aromatic series, polynicriration, and alk>lation We 
believe that the highly activated proton can effect an unbalancing of 
molecules which leads to reactions of this wide range 
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Chapter 5 

Friedel-Crafts Syntheses 
Part 1 

The UHi' of aluminum chloride as a catalyst for reactions involving 
evolution of hydrogen chloride embraces a wide field of organic chem- 
istry. The reaction in'occeds according to the general scheme: 

RII+ R'X > RR' + HX 

With a few oxrei)tions 11 may he any cyclic compound, substituted or 
unsiibstituted, and R'X may be any halogenated compound. The ease of 
reactivity is in accordance with rules governing aromatic substitution, 
the presence of activating groups in the aromatic component facilitating 
reactidii. Increasing negativity of the compound which is to be substi- 
tuted hinders reaction. Thus must polyhalogcnated derivatives, nitro- 
compounds, and heterocyclic compounds of nitrogen are substituted with 
difficulty. Recently the reaction has been extended to substitution of 
aliphatic and cycloaliphatic compounds. The effect of substituents in the 
halogenated component, although not so marked, also limits the scope of 
tlie reaction. Whereas the reaction has been most generally ai)plicd to 
condensations effected with alkyl or acyl halides, many halogenated esters, 
acids, lactones, ketones, ethers, aldehydes, nitrogenous compounds, and 
inorganic halides also undergo the reaction with replacement of halogen. 

Although within recent years the term "Friedel-Crafts reaction" has 
been construed to mean any condensation or addition in which anhydrous 
aluminum chloride or' other metallic halide is used as catalyst, it was 
originally used to denote only those reactions in which a hydrogen halide 
was given off during the course of the reaction. Unless one adheres to 
this older conception of the reaction, it is difficult to correlate the various 
organic reactions in which aluminum chloride is used as a catalyst. Not 
nil such reactions are subject to the same limitations; operations in which, 
for example, water is split off, are necessarily performed under conditions 
which are very different from those in which a hydrogen halide is formed. 

Due to the great extent of work which has been done on Friedel- 
Crafts syntheses with acyl halides, reactions of this type have been 
included m a separate chapter.* Friedel-Crafts syntheses in which both 
reactants are aliphatic have* likewise been given separate treatment.'^ 

*Si'i> Chiiptpr 6. Fnr rinp rluxiiri'i willi n\uliilitm of IIX sec ('hii])tcr 7. 

'I’lSi-i' ('Iiii|)||i|- 17. 
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Reaction of Benzene or Benzene Homologs with Unsubstituted, Saturated 
Alkyl Halides 

The following rather detailed account of the reaction of n-amyl chlo- 
ride with benzene is given in order to illustrate the factors which must be 
observed for controlling a Friedel-Crafts alkylation. Owing to isomeri- 
zation by aluminum chloride, a mixture of isomers is obtained. 

A two-liter three-neck flask is provided with a mercury seal — or other 
seal — stirrer, dropping funnel, reflux condenser, and thermometer. Four 
hundred and twenty-nine grams of benzene (5.5 mole'?), dried over cal- 
cium chloride, are placed in the flask, then 15 g of powdered anhydrous 
aluminum chloride (.113 mole) is added. With stirring, 106.6 g of n-amyl 
chloride (1 mole) is added drojiwnhc for a ])eriod of one and a half hours 
from the funnel, wdiich is protected wdtli a calcium chloride drying tube. 
Another drying tube is placed at the lop of the reflux condenser. A tube 
may be inserted at this point to lead the liberated hydrogen chloride to a 



hood; or the gas may be trapped in water by dipping the outlet tube 
slightly below the surfare of about 300 ee of water eontained in a beaker. 
In order to make an aecurate material balanec, the hydrogen chloride 
should be scrubbed. 

The addition of n-annl eliloride lakes jihiee over a peiiod of one and 
a half hours, and at this rate tlie temperature should rise only slightly 
above 20"'(J. To complete the reaetion, the mixture may be stirred for 



FRIEDEL-CRAFTS SYNTHESES ^ 

[in mlililionnl prrinil nf nix Innirs !il 2(r(\ nr Iwn liourw lit ii plightly clc- 
vatcfl lrni[»mitnro, ( (j , 50'*(\ 

Wlirn (lir ivartnni coniph’li', llii* siirrin^ sinppiMl aiul llio mixture 
is allowed to ^liiml for alumt two liuur^. Tin* catalyst euiiiplox settles 
to the bottom duriini this time. The upper layer is then removed by 
means of a siphon, or by deeantation, and treated with approximately 
5 re of 30 piT cent sodium hydroxide, sliiikinp; vigorously. When the mix- 
ture t(‘sts neutral or alkaline to litmu'?, it is filtered, and fractionated. 
There should be only a small quantity of water present at this stage. 

Tlie unreaeted bc'nzene is removed by distillation at atmospheric 
pressure. A Vigrraux-type eolumn about 24" long is suitable. To obtain 
the desired jiroduel, the residue, sifter benzene removal, is distilled and 
the fraetinn boiling at 185-205°(/ is collected. 

The first point brought out here is that all reactants must be dry and 
tliat provision is made frn the exelii.sion tif moisture. This precaution 
is necessary for all reaelions involving the use of anhydrous aluminum 
chloride. 

In order to increase the yield of the desired product, the amount of 
iiluininum chloride to be used for the reaction must be carefully deter- 
mined In nrd(‘r lo prevent polyalkylation of the benzene an excess of 
the latter is used. 

It lias been found that stirring aids the reaction. In the laboratory 
elTectivc stirring may be secured at 1500 r.p.m. with a one-inch blade. 
This IS started before the first portion of the n-amyl chloride is added. 
Till- addition of the halide is gradual. 

Kmee tlie JTiedel-Crafts alkylation is reversible, 

IIX + HR' RH + R^X 

it is necessary that the hydrogen chloride be removed from tlie reaction 
mixture as soon as it is evolved. This is ])rovidcd for by an outlet tube 
through which the liberated gas escapes. When no more hydrogen chlo- 
ride is given off, the alkylation is known to be complete, provided mois- 
ture or other impurities has not decreased the activity of the catalyst. 

At this point, the reaction mixture contains essentially alkylated ben- 
zenes, the unreaeted benzene, and the catalyst complex. The upper layer is 
removed to decrease the color of the final jirodiict and also to simplify the 
fractionation. A small quantity of the product is lost in the complex. After 
washing, amylbenzenc i-^ separated by distillation from the unreaeted ben- 
zene and the lower alkylated benzenes (present in small quantities) and 
the high-boiling polyalkylated benzenes. There were obtained 112 g of a 
mixture of isomeric amylbenzenes, b. 120-145°/100 nun, and 12.5 g of a 
residue, nj” 1.5250. Refractionation gave 105 g of a product boiling at 
185-205*=’, 1.4892, or a 71 per cent theoretical yield. 

The factors governing this reaction, as all Friedel-Crafts reactions, 
may be summarized thus: 
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1. ronreiitration of rettotinp componenis. 

2. Concentration of catalyst. 

3. Solvent or diluent used. 

4. Exclusion of moisture. 

5. Elimination of hydrof 2 ;cn halide. 

6. Temperature (and sometimes pressure). 

7. Reaction time. 

8. Manner of introduction of reactants. 

9. Agitation. 

10. Removal of desired pnaliict from by-products and unreacted 
material. 

It is obviously impossible to list ns tbnrniiKhly as has been done in 
the case of the preparation of amylbenzene the influence of each of these 
conditions on the course of every Friedel-Crafts alkylation. Neverthe- 
less in the discussion of specific reactions which follows, definitely neces- 
sary governing factors will he indicated. Even a cursory review of the 
Friedel-Crafts preparation of many substances will enable a determination 
of conditions which should be observed in the synthesis of the various 
types of compounds. 

A number of alkylbenzenes prepared by the interaction of benzene 
with an alkyl halide in the presence of aluminum chloride are listed in 
Table 3. In Tables 4 and 5 are listed some aluminum chloride-catalyzed 
reactions of alkylbenzenes with alkyl halides. 

Inspection of these tables indicates that generally alkyl halides with 
benzene yield mrta- and pora-compounds in di-substitution. Monoalkyl 
benzenes, for example, toluene, also generally give mefa- and para-com- 
pounds upon introduction of one alkyl group. ?;?-XyIene with alkyl 
halides gives the symmetrical derivatives almost exclusively: 

nil THi 


CHi 

Here again the methyl groups appear to have a mcfa-directing force. 

In other Friedel-Crafts reactions, however, ortho- and para-substitu- 
tion is the rule. A number of investigators have attempted to show that 
no exception to the rule occurs in Friedel-Crafts alkylations, but that the 
formation of m^fa-derivatives is here due to rearrangement of primarily 
formed para-derivatives. 

Reaction of toluene with various butyl halides illustrates orientation 
of the entering group in Friedel-Crafts alkylation of mono-alkylatcd ben- 
zenes. Alkylation of toluene with isobutyl bromide has been stated to 
give a mixture of m- and p-isobutyltoluenes,^'^ only Tw-ferf-butyltoluene,^" 
and a mixture of m- and p-ferf-butyltoluenes.^*^ The reaction of iert- 

(Test [■imt’d nn p. B4) 

W Kelbe and G. Pfeiffer, Ber., 19, 1723-1730 (1836). 

» A. Baur, Bft , 24, 2882-2843 (1891) 

^J. B. ShoMmith and J F MrGerli«^, J Chrm Hoe,, 2231-2286 (1080); Br\t. Chem. Ah/itracta-Ai 
70 (1081). 
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* Tabic 3. — Alkylaiitm of Ib^nzniic 


Ciunpoiirrl Frimiwl 

Toluene 

w-Xylene 

p-Xylene 

1 .3.5- Trim r‘thy llx^n zene 
1 ^,4-Trinie Lhy Ibi^nzenr 

1 .2.4- Trimpthy lbr‘nzi‘iip 

1.2.4.5- Tetraini'lli.vlbPiizF'nc 
Ppnlamrthylbcnzene 
Hexamcl hy Ibrnzenc 
Ethylbonzpnc 

m-DinlhyJ|jrnzono 

p-Dielhylbrnzene 

1 .2.4- Triolhylbrnzi*ne 

1 .3.5- Ti'inlhylbrnzrnp 

1 .3.5- T ni'thylbenzi’no 

1 .2.3.4- Tntrac'thylbpnzf'iie 
1 j2.4,5-TelrBcthylbcnzfnr 

1.2.3.5- T0iraethylbpnz( nc 
Pent aelhy Ibenzrne 
Hpxandiylbpnzpne 
Hexaetliylbenzene 
Proyiylbniizi'iu* 
Pronylbi'nzenc 
Isoinopylbcnzcnr 
l.sopropylbrnzrne 
Isopropylbciizciip 
iHopropylbenzonr 
m-Di-isopr Qpy II m *n zt‘ni' 
o-Di-isopropylbeiizene 

1 .3.5- Tri-isoproiiy Ibenzene 
Tptra-isopropylbrnzfiin 
7n-Dipru])ylbenzcne 
7>“Dipropylbonzenc 

H exapropy Ibenzcne 

8 € c-Butylbcnzrn p 

f erf-Butylbrnzene 

f prf-Butylbpnzenp. 

brf-BiiLylbenzenc 

rt-Butylbonzene 

Di-isobuty Ibenzene 

T ri-isobu tylbpnzpnc 

TJ-Di-^erf-butylbenzpne 

T ri-^pT-f-butylbenzene 

2-Mcthyl-3-phenylbutaiie 

^erf-Amylbenzone 

Ifloumylbcnzene 

f'^T'^-Amylbenzene 

Amylbenzcnes 

?-Ainylbpnzpnp 

Diainylbenzene 

2-Mpthy]n3-pheny1biitanD 

Opt rLderylbcnzenp 


Alkyl HbIkIo 
methyl rhloride 
methyl ehlorirlp 
methyl phlnridc 
methyl chloridp 
motliyl chloride 
methyl bromidi' 
methyl rhloridc 
niethyi phloiid(‘ 
methyl phlnridn 
ethyl halide 

ethyl halid(' 
ethyl halide 
elhyl phlonile 
ethyl rhloride 
ethyl biomide 
ethyl briimiili* 
elhyl halide 
ethyl rhloride 
ethyl bromide 
ethyl ehluride 
ethyl bromide 
piopyl rhloride 
propyl biomide 
propyl rhloride 
])ropyl bromide 
ihoprupyl bromide 
isopropyl rhloride 
isopropyl rhloriile 
isopropyl rhloride 
isopropyl rhloride 
isopropyl rhloride 
jiropyl bromide 
projFyl bromide 
propyl chloridf' 

?7-butyl rhloride 
n-butyl fluoride 
isnbutyl bromide 
fc‘r/-butyl rhloride 
butyl rhloride 
butyl chloride 
butyl chloride 
isobuiyi chloride 
isobut 3 d chloride 

isoamyl chloride 

tert-amyl bromide' 
amyl chloride 
isoamyl chloride 
"active” amyl chloride 
npopnntyl chloride 
ortaderyl bromide 


Prppuit'H liv 

1.21 

1.156 

1,150 

21, 100, 154 

21.100.154 
2 U 5 

2,21,100. 154 

1.21.100.154 

21.100.154 
1,8,7.11,21,167,174, 

175, 176, 177 
3. 172, 178 
3. 172-3. 178 
179, 209 

179. 198. 209 
205 

4. 180 

4.180. 209 

209 

5. 181 

7. 182 
183 

184,30 
15, 185.186 
184, : k ) 

15 

J6;i, IKl 
17 

17,171 

17,171 

191 

7,10 

180 

186 

7 

19. 188 
199 

m 

21,188, 190 
16, 19 

16 
16 
190 
190 

189, 192 

187 
1,21 

188 
201 

210 

202, 203 
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Tablo 1. AlkyhiHuii of Tiiliione 


I'lMiipimiul 1 itijiiptl 

Alk>1 [IhIiiIi 

rinpHred h\ 

wi-Xylrnp 

iiirtb\l I'hluiiilp 

1,151,156. 195,205 

;i-Xylcni' 

uirtb>l rhlnrulf 

1,151,156, 105 

o-Xylrne 

iiiptb3’l I’bluiiilp 

151, 205 

1 ^,4-Trinie1 by Ibenzenr 

mrlbyl cblunrlp 

1,100, 151.1.56 

1 ,3,4-Triiuethylbcnzcne 

methyl i*hlonilL 

195 

l,3^TriinrlhylbcDzcnc 

methyl rbl until 

1,100-1,151,156,105 

1 ,3j4,6-TpIi diiiethylbE^nzeiip 

methyl eblunili 

195 

1 ^ Ar^Tetniiiict by Ibonzoup 

nipibyl rhlnruli* 

1,100,151-2, 1.56 

1 .3,4,5-Tetraiiu‘thylbrnzeiu' 

methyl chlontie 

195 

1 ^,3 ,5-Tctraiii fthy lb rnzenp 

methyl ehlunde 

151, 156 

Pentame tbylbenzene 

methyl phlondo 

1,100,1.51,154,105 

Hcxamcthylbpnzrne 

methvl rhloriilr 

1,100.151,1.54,195 

l-Metbyl-S-isopropylbenzonp 

isopi'up 3 1 brnmiilp 

167 

l-MetbybS-ihOpropylbenzGno 

iboprop^d iodide 

207 

?-Idopropyltoluene 

isopropj'l rhlonde 

171 

?-IH□p^op.^ Itoluenp 

7i-propvl chloride 

171 

m-^8 p c-Bu ty 1 toluenp 

n-bulyl chloiiiln 

168 

pse c-Bii ty 1 1 olu en c 

n-butyl chloridr 

168 

m-Zert-Butyltoluenr 

/frf-but 3 d c'hlondi' 

158, 168 

p-ierf-Butyltoluene 

^rrf -butyl ehloride 

168 

m-fprt-Butyltolupne 

isobutyl bromitlr 

168, 196 197 

w-^pW-Biityltoliienp 

isobiityl phlonde 

157, 15K 

7 >-fer^-Rutyl toluene 

I'-obiilyl biomidi' 

168, 197 

/>-/prf-Butyltolvipnc 

isobutvl rhlonde 

157 

m-tprt -ButyMoUivwu 

isobutyl iodide 

158,1.59 

l,3-Dimethyl-5-<f r/-butvlbt'ii/pnf 

isobutvl bronndr 

1.59 

1 ,4,-Di-if r^-but vlbrnzcu v 

isnbutvl bioinidr 

159 

ar,x-Di-^pr/-bijtvltolupni‘ 

isfibiitvl broiiJidi* 

159 

l-Metbyl-3-tpi f-amylbpnzpno 

^fW-aiiiyl rliloritle 

164, 165 


Tnhlp 5 — Alkylation of Alk>l.itril Beiizuic-^ olliiT than Toliiriip 

Aramatir I’l cparf^i 

Hydroourbon U^kI \lkvl Haliile tJ^ed rumimund Formrit liV 


Ethylbenzrne 

isopropyl or propyl 
bromide 

m-ethylisopropylbenzcnp 

102 

Elhylbcnzr^ne 

isopropvl or )>rop 3 d 
bromide 

p-eth'v lis«iprop 3 ’lbrnzene 

162 

Propy-lbenzene 

isoprojiyl bromide 

7 >-propyljsopropylbrnzenp 

186 

Propylbenzene 

iso])ropyl bromide 

m-propylisopropylbenzene 

186 

Isopropylbenzene 

isiibutyl chlondc 

nert-but3dbenzenp 
< p-di-/pri-butylbenzpiie 
kpropyl chloride 

200 

Xylene 

methvl ehloride 

trimethylbrnzcnps 

211 

Xylene 

methyl rhlonde 

flurene 

153,206 

Xylene 

methyl rhlonde 

pentamcthylbcnzenc 

153,206,211 

XylpDP 

iiietliyl rhluridp 

iipxomethylbenzpne 

153 

m-Xy]pne 

methyl rhloride 

pseiidocumene 

151 

m-Xylene 

methyl chloride 

1 ,3,5 -trimethylbcnzenr 

151,205 

m-Xylene 

ethyl bromide 

1 ,3-dime thy 1-5-e thyl- 
benzene 

104 

m-Xylene 

ethyl bromide 

1 ,5-dim ethyl-2-pthy 1- 
benzene 

1 ,3-dim ethyl-5-isopropyl- 
benzenp 

104 

m-Xylene 

r;-prnpyl or iso- 
propyl rhloride 

208 

wi-Xylene 

n-mit3’'i chloride 

l,3-dimethyl-5-srr-butyl- 

benzene 

204 

m-X3'lcne 

frrf-butyl chloride 

l,3,-dimethyl-5-/crf-biityl- 

benzeiie 

29, 158, 166, 
169,204 
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Tabic 5.— Cuntinued 


Arnniulic 

llytirocai bun Uaeil 
7 ii-Xyleiir; 

p-Xylenc 

p-Xylene 

o-Xylene 

m-Cyiiiciie 

tolupnn 

^;-fL»f-Dutyl- 

toluuiic 

l,3,r>-'rriinethyl- 

brnzcne 

1.3.5- TriinrLhyl- 
briiznuc 

1.3.3- Triiiiclbyl- 
bonzcne 

1.3.5- TniiH‘lhyl- 
buDzonc 

1.3.5- Triincthyb 
bpiizcnc 

1.2.4- 'J Vimethyl- 
bpnzene 

J,2.4-Trimpthyl- 

brnzene 

J^,4-'TriiiU‘tliyl- 

brnzenc 

1 .2.4- TrimeihyI- 
bcnzcne 

1. 2. 4- Trini ethyl- 
benzene 

J,2.3,5-Tptru- 

niplhylVjenzrne 

1.2.3.5- TL'tra- 
methylbenzene 

Pentainethyl- 

bcnzcDc 


Alkyl Halide Used 
i^obuiyl bromide 

methyl chloride 
ethyl bromide 

methyl chloride 
tert-butyl chloride 
isopropyl chloride 

isopropyl chloride 

methyl iodide 

methyl iodide 

methyl iodide 

iiicLh}'! chloride 

methyl chloride 

methyl iodide 

niclhyl iodide 

methyl chloride 

methyl chloride 

metliyl chloridi' 

methyl chloride 

methyl chloride 

methyl chloride 


Compound Fanned 

1.3- dimethyl-5-tcrt-butyl- 
beuzenc 

pscudoeumenc 

1 .4- dimethyl-2-ethyl- 
benzene 

pseudocumcne 
a;-tert-butyl-m-cymeiie 
7-isopropyl-3-terfc-biityl- 
t oluene 

?-isopropy 1-4- ter t-bii t y 1- 
1 oluene 

1 .2.3.4- tetramcthylbeuzene 

1 .2.3.5- tel iamcthylbenzc‘iie 

l,2,4i^tetramethylbenzeiie 

(durenc) 

peniamethylbenzeuc 

hexamethylbenzene 

1,23,4-totramethylbenzcnc 

i;2,4,5-tctramethylbenzenc 

(durenc) 

1^.4,5-tetramplhylbcnzcnc 

(diirene) 

pentamrthylbenzenc 

isodurciie 

pentamethylbenzenc 
hexamet hy Ibcnzcne 
hexamethylbenzene 


Pi rpared 
by 

158 

151 

193 

151 

161, 170 
160 

160 

150 

150,151 

150 

151,155 

151 
150 

150 

151 
155 
151 
151 
151 

153,206 


M Crofls nuU rinm (J) ZI, 530 (1877), Ann cA.m p/iy- (6), I, 


Aim 


/if>/enncfB 

I C Tiiedel and J 
449 032 (1884) 

i C Iriedel mirl 1 M Crufts jBufl nur i/irm 29, 4B1 , 

\ ^ UBWinkel, Bcr . 21, 2829-2831 / C7 m »i Sm Aba, M, 38(1^) 

O JuBobRin, Jftr, 21, 2819-2821, J Cfum *Snt Aba , 56, 40 (IW 
0 Juoobstii ifer, 21, 2814-2819 J Chim Soc Aba 56, 40 (1889) 

y Wertvporocli and T FhIh Ann 580, 287-295 (1933) 

0 RadBiBWanowaki Bpt . 27, 8239-823S (1894) J Chem Sur Abs , 

Bnt P 259 507 (1926) to NiiugHturk Chcin Co , C A , 21, 3370 
P GenvreBBe, Compt rmd 116, loiW-1067 (1893), / 

T Fiilu, Roczjiiki Chem , 14, 87 92 (1934) C A , 28, 8428 

1 Uhlhorn, Ber , 23. 8142-3144 (1800) J Chvm iSoc. Aba, M (I) 

T Estrairhei, Brr , 53, 438-443 (1000) J Ihnn .S®c 78 (D 

K Boedtker Bull aof. rhim (.J), 31, 965-071 (!»*) ; 

C Friedel and J M. Cnifts Conipt r?nd , 84, 1392-1394 (1877) 

* (1877) 

tT S p 1995 827 (1995) In V \ llnmiis . , . , * r 

H P 2 07 2 081 (1937) li> C A 3 limiiHs (In Sliiiplfs fHilventa^t nip 

(J 1( J W IpIVvii uiid K ^ Kobiilsiiii, 

N IpiUiill II PiiiMS uiiil 1 Siliiiiiiliiia J Orv rhrm , 

Aili.i iinil V II Hut Itrf 12, .129 ill (18791 

mill K Hillii‘L Bull HOI rhim 3l, 248 (1879) 

(’luH mill C J iNtkiii»c yiir 20, 9097 3104 UW 
Imi.lisiii Her, 14, 2824-2030 (1881) 


4 

5 

7 

8 
11 

15 

16 
17 
10 
20 
21 


68 (I), 129 (1895) 

64 (1), 505 (1893) 


194 (1801) 

213 (1900) 

Aba 86 (I), 801 (1904) 
J Chtm. Sot. Abi , 


725 


24 

29 

20 

10 

1UU 

IIM 

I'll) 

111 

112 

153 


C. 4 , 31, 2813 
J CbfTn Soc . 480-488 (1995) 
5, 2.91 63 (1940) 


Tlrnurepaiii* flul 'aor r/iJT»i (t), M, 676-879 (IS^H) 
I-- 1 Smith OiEunic Sjnthesra " Vul 


J Chtu} 
A, PP 32-30, 1930 


Sof 56 (^) 906 (1880) 
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154. C. Fnedel and J. M. Cnfta. Comvi. rend., 91, 357-260 (1860); J. Chtm. Hoc. Abi,., 40 (1881). 

155. O. JaoobBBD, ^er.. 20, 806-002 (1687); /. Chem. 3oe. Aba., 52, 660 (1887). 

156. E. Ador and A. Rdliet. Ber., 11, 1027-1630 (1878). 

157. M. Konowaluff. J. Buaa. Phya.^Chem. Soc., 30, 1080-1040 (1808); C. Z.. 1899, 1, 777. 

158. A. Baur, Bcr„ 24. 2882-8848 llBOl). 

150. A. Baur, Ber., 27, 1606-1600 (1804). 

160. 11. Barbier, Rev. Marquea Par/um. Savonn., 12, 325-827 (1934); C. Z., 1935, 1, 2350; Br\t. 

Chem. Abatracta-A,, 106 (1030). 

161. H. Barbier. Ilelv. Chim, Ada. 15, 502-506 (1932); Bnt. Chem. Abatracta-A, 720 (1032). 

162. P. VDD der Becke, Ber., 23, 3101-3106 (1B9U); J. Chem. Sue. Aba., 60 (I). 183 (1801). 
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Aba., 124 (1). 100 (1028). 

105. J. C. Ewer and E. Goaein. Bull. aac. chim. (2), 42, 213-210 (1884). 

166. T. H. Durran-s. Chem. and Jnd.. 1120-1132 (1937). 

167. K. von Auwers and H. Kolligs. Btr. 55 (B), 3872-3870 (1022); /. Chem. Soc. Aba.. 124 (I), 90 

108. J. an<l J. F. McGcchen, J. Chem. Sor., 2231-2236 (1030); Brtt. Chem. Abatracta-A, 

70 (1931). 

109. i:. b. F. 2.023,560 In Waltei V. Wiitli (to E. 1. dii PnnL), C. A., 30, 738. 

170. Brit. F. 368.020 (1031) to L. Gi\t)udan A Cie.. Sue. Anuii Bnt. Chem. Abatracta-B, 528 (1032). 

171. H. D. bdva. Bull. aoc. chtm. (f/. 43. 317-322 (1885), J. Chim. Soc. Aba., 48, 1054 (1886) 

172. A. VoBwinkpl, Ber., 21, 2820-2U1 (1888). 

173. A. VoBwinkel, Brr , 22, 315-317 (1880). 

174. A. BOhal and E. Clhoay. Bull. aoc. chtm. (3), 11, 207 (1804). 

175. L. Bemputowaki, Her., A 2662-2674 (1888). 

170. R. Anschiltz. Ann., 235, 331 (1886). 

177. C. SollHCher, Ber., 15, 1080-1082 (1882). 

178. H. Fournier, Bull. aoc. chim. (S), 7, 651 (1802). 

170. A. Klagea, /. pialt^ Chem. fi). 65. 304-308 (1002). 

180. K. Oairr, Ber.. 16, 1744-1748 (1883). 

181. O. JacobBpn, Ber.. 21. 2814-2810 (1888). 

182. W. B. AlILinaht, F. II. Mnrgan. and J G. 'Woiilauilli, I ompt. rn\d.. 86, 887 (1878). Bull. not. 

chim. (g). 31. 404 (1879). 

183. K. Galle, Ber.. 16. 1744-1748 (1883). 

184. M. Konowaloff, J. Ruaa. Phya.-Vht in Soc., 27, 4."»7 (1805), Bull, aoc, rhnn. (S), 16, 804 (1800). 

185. G. GuBtavann, J. Ruan. Phva.-Chfm. Soc. 10, 269 (1878); Ber, 11, 1251 (1878). 

180. R. Heifle, Ber., 24. 768-772 (1801) 

187. R. Anachutz and H. Berkerhofl, Atm . 327, 218-227 (1003) 

188. J. Rchrainm, Monalah , 9, 613-025 (188D); / (’htvi. Sut Aba, 127, 127 (1889). 

180. K. Gleditach, Bull. aor. chim. (3), 35, 1004-1097 (1006) 

100. M. SfdikowBki, Bit., 23, 2412-2420 (1890). 

101. G. OuBtavBon, Comiti. rend . 140, 040 (1.005). 

102. M. Konowaloff and J 1*:«oriifr, /. Rutn. Phya -Chtm Sot . 30, 1D31-1035 (IBOB). C. Z., 1U9, 

I, 776. 

103. F. Bodroux. Bull. aoc. chm (3), 19, 888 (1808). 

194. J. Stahl, Ber. 23, 088-004 (1800). 

105, R. Anachiitz and 11. ImiiiPiKlorff, Bn , 18, 657-662 (1885). 

190. W. Kelbe and A. Baur. Btr , 16, 2559-25(16 (1883). 

197. W. Kelbe and A Pfeiffer, Ber.. 19, 1723-1730 (1686) 

198. G. GuBta^Bun, /. vrakt. Chem. (i), 68, 227 (1903) 

199. N. O. Callowav, J. Am, Chem. Sor., 59. 1174-1470 (1937). 

200. K BoedtkiT. Bull. aoc. rhnn (3), 35, 834 (1906). 

201. A. AuBtm. Bull. aoc. chtm. (g). 32, 12 (1879). 

202. F. Seidel and O Kngplfried, Btr, 69, 2507-2591 (1030) 

203. H. Gilman and J. A V. Tiiick, J. Am. Chrm Sor., 61, 478-0 (1039). 

204. D. Nightmgale and I^. I. Smith, J. Am. Chem. Soc, ol, 101-8 0930) 

205. J. F. Norrjfi and D. Riihmstrin, J. Am. Chem. Sor . 61, 1103-1170 (1030). 

200. L. I. hniilii and F. J. Dnlimvoliiy, J Am. Chem. Sor.. 48, 1413-1410 (1020). 

207. W. Kpibp. Ann.. 210, 25 (1881). 

208. D NiBlitingnlp and B. C'nrton, J. Am Chem. Sor., 62, 280-283 (1040). 

200. L. I Smith and C. O Gunn, /. Am. Chem Soc , 62, 2025-2029 (1040). 

210. H. Pines, L. Schinprlmg, and V. N. Ipatieff, J. Am. Chrm. Sor,, 62, 2001-2 (1940). 
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butyl chloride and toluene has been said to result in the formation only 
of m-terf-butyUolurne/* a mixture of th- and p-/ erf -butyltoluenes/® 
and, in the presence of ferric chloride, only p-fcrf-butyltoluenc.*^ Tolu- 
ene with 7T-butyl chloride and aluminum chloride have been found to 
give a 3:1 mixture of m- and p-BCc-butyltoluenes.*® 

In other Fricdel -Crafts syntlu^sis (e.g., acetylation) the entering sub- 
stituent usually goes to the ortho- or piira-iiositions. By preparing sulfo- 
anilides of the products of the reaction of butyl halides with toluene, the 
following orientation has been ascertained'*®: 


M. Hinlnlii/cBki, Btr., 30, 1773-1770 (1897). 
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Halide 

n-B\ityl phloridr 


Isoluityl brnmidn 
ferf-Butyl chlonrip 


Tutnl 


Pi tKliirlM 

Thpoi ptirftl Virlii 

»w-srr-biity]toluPiie (75%) 
p-scr-hutyltoJupne (25%) 

45% 

w?-ierf-butyltolupnn (70%) 
7)-fp?7-biityltolurnr (30%) 

30% 

m-frrf-butyltohipne (62%) 
p-«rrf-butyltoluenn (38%) 

48% 


The preponderance of the n? -derivative in this condensation may he due 
to the fact that w-dialkyl benzenes are quite resistant to rearrangeTnent 
by aluminum chloride, whereas with p-dialkyl derivatives rearrangement 
is easily effected. Several investigators have, indeed, shown that p-xylene 
is converted into m -xylene by treatment with aluminum chloride.'’’' 
Baddelcy and Kenner have found that p-di-n-propylbenzcne is con- 
verted to the extent of about t\^o-thirds into m-di-n-propylbenzene bv 
the action of aluminum chloride for two hours at 100®. They state that 
the rearrangement was affected without isomerization of the alkyl group. 
The fact that no isomerization occurs during the migration w’ould dis- 
prove the possibility tliat the ???( fa-compound may have been formed by 
primary cleavage of propyl chloride from dipropylbenzeno, reaction of 
tlie latter with propyl chloride to give 1,3,4-tripropylbenzene, and subse- 
quent cleavage of the 4-prnpyl group to give 1,3-dipropylbenzene Tt is 
well known that alkylation with propvl chloride is accompanied by 
isomerization, resulting in the production of isopropyl-substituted deriv- 
atives. 

It has already been indicated that in the formation of sym-\r\B\ky\ 
derivatives upon alkylation of ??i-xylene, the methyl group appears also 
to have a /nefn-directing effect. It has been suggested by several investi- 
gators,®^ that in the jirnduction of the 1,3,5-hydrocarhons, the 1,3,4- 
hydrocarbon is first formed, and that tlii.s is sub.sequently rearranged by 
the catalyst to the 1,3,5-isomer, Recently, Nightingale and Smith®* 
have shown that l,3-dimethyl-4-butylbenzene rearranges to the 1,3,5- 
isomer under the influence of aluminum chloride, but that isomerization 
also occurs during the rearrangement. Isomerization w^as also indicated 
in .*«imilar treatment of 4-propyl- and 4-amyl-l,3-dimethylbenzeneR. 

The case against primary mcfa-siibstitution tluring alkylation of aro- 
matic hydrocarbons is also borne out by Norris and Rubinstein,®® who 
found tliat at lower temperatures the methyl group has an ortho- and 
para-directing effect in condensation of benzene with methyl bromide, 
hut that at higher temperatures mefa-substitution occurs. It w'as also 
shown that higher temperatures arc conducive to rearrangement. These 
factors all point to primary birination of para-dcrivatives in Friedel- 
t ’rafts alkylations. 


1)4-124 (1W4) It nn.l A T..I 1 I , Z70, 165- 

3n3'309 (1B35) 


17M1892) 

w r Kmner, J Chnn. Sar 

.W ^ I J Org Chrm, 2, 112 137 (1M7) A W Mnttn J 

K I »nfl Ti. I. fimilh J Aw Chrm Sor , 101-108 flB3B) 

' Nttrrii and D Rubiiutpm. f. Am Chem Sor, 61. 1163-1170 tl03B) 
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In Fricdrl-Crafte rrartions, substitiitimi in ihv ))oiizriic viiip; is influ- 
enced by the substituents already present. Here, ns in other reactions 
involving substitution in the benzene ring, the elect ronegnlivity of the 
aromatic component is a decisive factor in llic course of the reaction.®® 

Di- or poly-substitution rarely occurs in Friedel-Crafts ketone syn- 
tliesis because of the inhibiting effect of the primarily introduced acyl 
group. In Friedel-Crafts alkylation, however, the introduced alkyl group 
has an activating effect, so that, especially with the lower alkyl halides, 
poly-substitution is the rule. As the carbon chain of the alkyl halide is 
increased, however, the aromaticity of the primarily formed mono-alkyl 
benzene decreases. It may be expocled, therefore, that poly-substitution 
would be less common in alkylation of benzene with the higher alkyl 
halides, for example, lauryl chloride, than it is with the lower alkyl 
halides. 

According to Calloway,®" the order of reactivity of alkyl halides in 
Friedel-Crafts alkylations is F > C\ > Br > I, and ih exactly opposite 
to the order of reactivity found for Friedel-Crafts acylations. Calloway 
states that n-butyl iodide did not react with benzene in eighteen hours 
in the presence of aluminum chloride at 29'^, although the other halides 
reacted rapidly at lower temperature^^. This i.s in accordance with pre- 
vious findings of Smith and Dohrovolny,®'^ who found that methyl cldo- 
ride gave better results in the methylation of xylene than did the corre- 
sponding bromide or iodide. 

The course of the reaction of benzene or of itwS homologs with lower 
alkyl halides has been a subject of much study ever since 1877, when 
Friedel and Crafts reported the methylatitm of benzene.®® These workers 
obtained toluene and other methyl derivatives by simply passing a cur- 
rent of methyl chloride into benzene mixerl with aluminum chloride and 
heating gently. Hydrogen chloride was evolved; and upon treating the 
product with water and then fractionating the resulting product a con- 
siderable quantity of toluene, boiling at near 111^, was obtained, as well 
as the much higher-boiling products, xylene (b.p. 137*^), inesitylenc (b.p. 
163°), durene or tetramethylbenzenes (b.p. 190°), and pentamethyl- and 
hexamethylbenzenc, boiling even higher. 

In an early study of the methylation of benzene it has been observed 
that the methylation of the lower hydrocarbon proceeded much more 
slowly than that of the higher homologs.®® For example, when toluene 
was methylated, about half of it was recovered unchanged; whereas in 
the methylation of mesitylenc tlic reaction proceeded rapidly wdth con- 
version into higher homologs, and no unchanged hydrocarbon was 
obtained. The methylation of paeudocumene proceeded as rapidly and 
as completely. Durene and isodurene were very easily converted into 
penta- and hcxa-methylbcnzenc. 

n*r/. M. a. KhBrawh nnd R. Marker, /. Am. Chrm Sor., 48, 3130-3143 (1028). M. 8. Kharanrh 
aiul A. Flennpi, J. .4m. Chem. Soc , M, 074-002 (1032). 

^ N. O. Calloway, J. Am. Chnn. 59, 1474-1470 (1037). 

» \u I. Smith and F. J. IJobrovoIny, J. Am. Chrm. Soc., 48, 141S-14I0 (1020). 

>**0. Friedel and J. M. Crafta, Compt. rend., 14, 1302-1804 (1^); /. Chem, 8oc. Ah»., 720 (1877). 

M O. JoGobNO, Ber., 14, 2824-2030 (1881). 
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As a result of the action of methyl rhlnride on toluene, Jacobsen 
1 ‘cpurted the formation of o-, p-, and m-xylenc, pscudocuincne and mesit- 
ylenc, durene and isodurene, and penta- and hexainethylbenzene. Ador 
and Rilliet stated, however, that no o-xylene was formed. Anschutz 
and Immendorff also studied the course of the reaction which they out- 
lined as follows: 


Initial H 3 'iJruruibnii 
'J’oJuriic 

/^-Xylcup 

7/i-Xylt'iie 

1.3.4- Trimeth.vlbc'nzene 

1 .3 .5- Trim ethyl benzene 

] ,3,4 .G-Tftramrt hyl- 
beiizpne 

1.3.1.5- Tf'lranirthyl- 
bonzene 

Pnil iimcihylbenzeue 

Hrxuiii ethylbenzene 


Additinn Piniluct 
jo-xylene 
7/t-xylenc 

] ,3 ,4- trim ethylbenzene 

1.3.5- lrimcihylbcnzene 

1^,4,6-tetrdmethyl- 

bpnzonc 

1 .3.4.5- f clrame Lhyl- 
benzene 

Ijentam ethylbenzene 
I)ent!iiiifthylb(*nzpni‘ 
hexiiiur I hylbrnzrnt* 


DrocinipiMilicHi PriKluct 
benzene 

toluene 

toluene 

p-xylene, m-xylene 
p-xylenc, m-xylene 

1 .3. 4- tnin ethylbenzene 

1.3.5- triinethylbcnzrne 

1 ,3.4,6-tDtirainpthyl- 
benzcnc 

1.3.4.5- tetramethyl- 
benzene 

IK'ntiunelhylbrnizcnc 


They show that, because of this continuation of reactions, the nature 
of tlie final product is determined not only by the amount and quality 
of aluminum chloride but also by the reaetion time and temperature. 
Higher temperatures and longer reaction times result in the formation of 
higher-alkylated benzenes. 

That the formation of higher alkylated benzenes is a function of 
reaction time was substantiated in a study made on the methylation of 
xylene.®^ Twenty g of aluminum chloride was added to 1 mole of xylene 
and a constant stream of methyl chloride was passed through the mix- 
ture, which was ke[)t at 95°. The hydrogen chloride formed was deter- 
mined and the unreacted xylene n*covoretl. The amount of tri- and tetra- 
methylbenzene formed was calculated from the hydrogen chloride evolved, 
since there were no higher-alkylated bodies present. The amount of 
penta- and hexamethylbenzenc formed with increased reaction time was 
determined by isolation of the compounds. By plotting the moles of each 
methylation compound formed against the time of reaction, curves were 
obtained which indicated successive uniniolecular reactions, and not 
simultaneous ones. It was thus shown that in the Friedcl-Crafts reaction 
only one radical at a time is subslituliMl. The amount of triinethyl- 
benzene formed began to diminish after about tliree hours, and that of 

n. Ailnr mill A. JliUirt. Her., 11, 1827-1630 (1878). 

H. Aiisuliui/ mill If iiiuneiiiliJiir, Bfr., lA. 657-662 (1885); /. CVifwi. Si^r. Abit., 46, 769 (1885) 

IT. Olenipiit Hiifl J E^aviird, Compt. refill. p 206, 610-012 (1V30); C. .I.p 22, 3700. 11. Clnnentp dnii. 
rAiiii.. 13, 143 . 31 , ( 1 , 4 ,). c. X., 34, 3030. 
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ietramcthylbenzene after about eight hours. After about six hours a 
greater amount of tctra- than of trimethylbenzene was present. Tlic 
amount of pentamethylbenzene exceeded the amount of tetraraethyl- 
benzene after about thirteen hours. After twenty-one hours of methyla- 
tion, there was obtained about 17 per cent each of hexa- and tetramcthyl- 
benzene and about 60 per cent of pentamethylbenzene. 

In the condensation of methyl or ethyl halides with benzene the poly- 
alkylated hydrocarbons formed are also determined largely by the molec- 
ular ratio of the benzene and aluminum chloride used.®** 

In the production of ij/wi-triethylbenzene, Gustavson had reported 
the formation of a complex Al2Clo,(\H3lC2Hji).-'.- Using the proportion 
of reactants indicated in (iustavson's formula, Norris and Rubinstein 
obtained a 90 per cent yield of if^/w-triethylbeiizene. They reacted, under 
cooling, 1 mole of aluminum chloride lAl-iClij), 1 mole of benzene, and 
3 moles of ethyl bromide. AVith ethyl chloride in the same molecular 
proportion, the yield of s|/m-trimeihylbenzene was 83.5 per cent. 

The effect of the change in molecular ratios of the reactants on the 
products obtained was further studied in a series of runs in which vary- 
ing proportions of the catalyst and alkyl halide were used with one mole 
of benzene. Tlie rchults obtained arc of sufficient interest to warrant 
reproduction. Figure.s in the following table indicate the moles of reac- 
tants and products formerl per mole of benzene: 


Ku of Kxpt. 

1 

2 

3 

4 

5 

6 

C^HRi 

3.00 

3 0G 

3 1 

4.2 

2.06 

1.05 

AhCJ. 

1.05 

0.52 

0.17 

1.0 

0.35 

035 

FrrMiul’Ui ruiuitd 

(J«H5C3fIn 


01 fj 

066 

■ ■ • ■ 

.17 

.08 


0010 

02 

.09 


.06 

.11 

CJIn(CJh)i 

.93 

79 

.17 

' 79 

.53 

.24 


.018 

.10 

11 

17 

.01 

.005 


.... 


.11 

02 



c.(ana). 



.02 





According to Norri.s, the*-e results show clearly that the ratio of ben- 
zene to aluminum chloride is the determining factor in the production of 
the trialkylated product, and that the ratio of alkyl halide to benzene 
has comparatively little effect. These conclusions, however, do not seem 
to be substantiated in Experiments 5 and 6. 

Practically the same result was obtaim^d with ethyl chloride; using 
the mole ratio ] ChHo, 3 C 2H5CI, 1 AUCMo, the yield of 1 ,3,5-triethyl- 
benzenc was 83.5 per cent. Ethylation of toluene and of xylene, using 
molar proportions of hydrocarbon to aluminum rhloride, similarly gave 
good yields of symmetrically substituted trialkylbenzenes. 

However, in reacting methyl bromide with benzene at 0°, and using a 

y. Nnrrifl and J N Ingraham, I. Am Chrm. Sob., 60, 1121-1423 (1338). For a of the 

influpnce of amount uf vUiyl chloride UflctJ, Bt.H' L. ]. Smith and C. 0. Giiu., /. Am. Cfium. Soc.. 62. 
2023-2639 (1940) ' ’ 

><>0. GuaravKiin, Cemvt rend., 136, 1066-1067 (IDOd); 7. Chem. 3oc. Aba., 64, I, 470-471 (1D08). 

"‘‘J. F. Nonis and O KubinstpJii, J. Am. C/im. Soc., 61* 1103-1170 (1089). 
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C 8 He-CH;iBr-Al 2 Cln ratio of 1:3:1, the Hiicf product is l,2,4-triiiK*tliyl- 
benzcne. In order to study the nrionliiig effect of ilie methyl group, 
toluene was reacted with methyl halides under conditions leading 1o 
maximum conversi^m to xylenes. Temperatures of —3 to 106" were useil 
At lower temperatures the methyl group had an oriho-para effect; at 
higher temperatures ?/icfa-Mibstitiition occurred. Thus at 0° when methyl 
chloride was used, the xylenes formed contained 27.3 per cent of the 
m(ta- and 53.5 per cent of the or/Ao-isomer; at 106°, 98.2 per cent meta- 
and 1.8 per cent ortho-. 

Accordingly, the rearrangement of o- and p-xylene under the con- 
ditions employed in the mcthylation of toluene was studied, and it was 
shown that higher t(*inp(»ratureR (55“^) induced some rearrangement to 
the ?nc/a-isomer. 

This indicated that reaction of a n?rfa-xylene-aluminum chloride com- 
plex at higher temperutures would yield chiefly 1,3,5-trimcthylbenzene. 
Using technical wcfn-xylenc (containing about 61 per cent ?u-xylene) and 
commercial aluminum chloride, a complex was prepared by adding 540 g 
of the aluininum chlorirle to 212 g of the xylene at 120°. When the tem- 
pcratiire had dropped to 100°, 91 g of methyl chloride was introduced 
during a period of from 30 to 60 minutes. No hydrogen chloride was 
evolved until about two-thirds of the methyl chloride had been added. 
The yield of inesityleiie, calculated on the methyl chloride, was 63 per 
cent of the theoretical. 

These methods, based on the use of the proportion of reactants 
expressed in hydrocarbon-aluminum halide complexes, have given much 
better yields Oi purer symmetrical trialkylderivatives than had been pre- 
viously obtained. 

According to Boedtker and Halse,®^ the formation of monoalkyl 
derivatives in the Friedel-Crafts reaction is favored when a relatively 
large amount of benzene is used in the presence of a small quantity of 
aluminum chloride; on the other hand, small amounts of benzene and 
large amounts of aluminum chloride favor the formation of polyalkyl 
derivatives. When large quantities of benzene arc used, it would be 
expected that the hydrocarbon acts as diluent, thus mitigating the possi- 
bility of poly-alkylation. 

This influence of the proportion of reactants in alkylation of benzene 
with ethyl or isopropyl chloride has also been investigated by Werty- 
poroch and Firla.®® Ethylbenzene was found to be obtained in about 
42 per cent yield from 0.25 mole of benzene, 1.5 moles of ethyl chloride, 
and 0.1 mole of aluminum chloride. Increase in the amount of aluminum 
chloride caused less of the mono-derivative and more of the diethyl 
derivative to be formed. 

From 1 cc of benzene, 10 cc of isopropyl chloride, and 1.3 g of alumi- 
num chloride, a yield of 0.2 g of a tetraisopropylbenzene, melting at 
117-118°, has been reported. Reacting 2 cc of dipropylbenzcne with 50 

SS 0- M TlalM, BuH soe. (him.. 19, 444-449 ( 1910 )- C, A . 11, 938 . 

E- Wntvporoeh and T PIrla. Aw . 900, 287-206 (1083). 
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cc of propyl chloride nnd 0.74 r of iiliiiuimim chloride t^ives 0.3 p of 
hexapropylbenzenc. 

Other methods for acreJeratinp alkyJalion and iniproviiip yields Imvc 
been inveatigalcd. Thus it 1ms been found that llii' yield of ethylbenzene 
may be increased by using more than the necessary amount of solvents, 
for example, benzene.^'*' It may be further improved by treating the 
higher-boiling products with benzene and aluminum chloride, thus con- 
verting them to less alkylated benzenes. 

The retreatment of higher-boiling products in the ethylation of ben- 
zene is the subject of a patent to Naugatuck Chemical Company Here 
the dark-brown, oily mass which sej)arates from the first run in which 
benzene, ethyl chloride and aluminum chloride had been used, is treated 
with small quantities of aluminum to bring about reactivation. The 
entire process may involve seven coiiseeutive runs, with addition of alu- 
minum in the second and fifth runs. 

The preparation of polymethylbenzenes by methylation of technical 
xylene has been studied by Smith and co-workers.^’ Methyl bromide, 
methyl iodide, and methyl chloride were investigated as methylating 
agents, and it was found that methyl chloride gave best results. AVith a 
xylene having a distilling range of 135-140°, the alkylation with methyl 
chloride and aluminum chloride takes jihice readily, nnd may be ca-^ily 
controlled so that trimethylbenzenes, t(‘tram(dbylbcnzenes, or pentn- 
methylbenzenes constitute the main products. It was found that the 
mixture of tetramethylbenzenes was rich in durene, which could be iso- 
lated by cooling to about —10' and filtering it off. Moreover, more 
durene could be secured from the filtrate by warming the latter with fresh 
aluminum chloride. Bv working over these filtrates, a 35 per pent yield 
of durene, based on the original xylene, was obtained. 

Pentamethylbcnzenc in 33 per rent yield, baser! on tlie original xylene, 
was obtained by continuing methylation beyond the tetramethylbenzene 
stage. 

By rapid methylation of pcntamethylbenzenc a 30 per cent yield of 
pure hexamethylbenzene, based on the penta-eompound used, was secured. 

It has been found that 1,2,3-trimethylbenzene is not formed in the 
reaction of xylene with methyl chloride and aluminum chloride. This 
compound is easily obtained, however, by siin])ly refluxing xylene with 
aluminum ehloride.'^^ 

Work on the separation of the products resulting from the methylation 
of commercial xylene has been in progress.’^’’ Most of it has consisted in 

Radiiewnnowaki, Brr., 27, 8236-8238 (1894); /. Chem. Sor Abn , 68 (1), 120 (1896). 

^ C. H. Milligan and E. E. Reid, J Am. Chrm. Soc., 44, 206-210 (1922; for revivifioaticin nf 
ratalyat by adding fresh aluminiifn chloride to reaction inixiuie, see U. B. P. 2,222,012 (1940), 
U. 8. P. 2.198,695 (1940) to Dow Chpimeal To 

'^firituih P. 260,607 (1026) to Naiigalurk Chemical Co.; T. A, 21, 3870 (1027); r/. r'anailian P. 
206,621 (1020) to M. G. Shepard; C. A.. 21, 017 

T>L. I. Smith and F. J Diibrovolny. J. Am. Chtm fior . 43, 1413-1410 (1020) 

I. Smith and 0. W. Cbm, /. Am. Chtrm, Soc , 54, 1603-1600 (1032); C. A.. 26, 2714 
^L. I. Smith and F. H. MacDougRlI, J Am. Chem. Sur , 51, 8001-3008 (1020). L. I. Smith anil 
A. R. Lux, J. Am. Chem. Soc.. 51. 2im-3000 (19^). V. U. MacUnugall and L. 1 Hmith, /. Am. 
Chem. Boe., 52, 1093-2001 (1980). L. I. Sniitli and A. P. Lund. J. Am. Chem. Soc., 52, 4144-4160 
(1800). L. 1. Smith and C. 0. Gum, J. Am. Chem. Sue.. 62, 2686-2638, 2(00-2631. 2631-2636 (1040). 
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preparing variously methylated benzenes for the determination of their 
physical properties. 

Mixtures of the three xylenes may be analyzed by a freezing point 
method.^** Earlier workers have separated alkylation products through 
their sulfonates or their sulfanilides.'^® 

The influence of reaction conditions is especially apparent in conden- 
sations effected with alkyl halides higher than ethyl, for here possible 
isomerization and cleavage of the alkyl group are to be avoided. 

Like the methyl and ethyl halides, propyl halides react with benzene 
in the presence of aluminuiu rliloride with formation of various substi- 
tuted benzenes. In the presence of aluminum chloride the propyl group 
is converted to isojiropyP'; therefore, in preparing isopropylbenzene, it 
is immaterial whether proijyl or isopropyl halide is employed. Isomeri- 
zation occurs almost invariably. As in all Fricdel-Crafb reactions, how- 
ever, the amount of catalyst used, the temperature employed and the 
duration of the reaction regulates the type of substitution; so that under 
mild condition.s, Ai-propyl halide and benzene yields a mixture of n- and 
isopropylbenzenes. Tliis is especially true in the presence of 8 per cent 
by weight or less of aluminum chloride with respect to the n-propyl- 
bromide used.’*" HoweATr, 53 g of /n-xylcnc with 20 g of isopropyl chlo- 
ride or the same amount of 7 i-propyl chloride in the presence of 15 g of 
aluniiiiuni clUoride results in the formation of l,3-dimethyl-5-i8opropyl- 
benzene in 48 and 46 per cent yields, respectively.’’^® 

An 18 per cent yield of tetraisopropyll)enzcne was secured from iso- 
I)ropyl chloride, benzene, and aluminum chloride at 0°, in a reaction 
period of not more than five minutes.**” If the tetra-alkylbenzene is left 
at room temperature with aluminum cliloride for two hours, it undergoes 
decomposition to tri-, di- and mono-isopropylbenzene. 

The reaction of butyl halides with benzene in the presence of alumi- 
num chloride results in the formation of iso-, sec- and ter^-butylbenzenes, 
due to branching caused by the catalyst. 

Gossiii reported the produelioii of two liquids of the formula C 10 H 14 , 
in the reaction of isobiityl chloride with benzene. One boiled at IdG-lOT” ; 
the other, formed in only very small quantities, boiled at 152-155®. .Iso- 
butylbcnzenc boils at 167'’. A 50 per cent theoretical yield of sec-butyl- 
benzene was secured by Schruniiii,**- who reacted n-butyl chloride with 
benzene and aluminum chloride. Estreicher obtained a 95 per cent 
yield of butylbenzencs (a mixture of n- and sec-butylbenzenes) by vary- 
ing the proportion of the reactants used. Tims he used IJ moles of pri- 
mary n-butyl cliloride with a large excess of benzene (about 9 moles) 
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UuHlavMim. Bti.. 13, 157-iril) (1M80); J. (’/.<»«. Sue. 370 (1«80). 

t’uMipi. mii/.. 116. 1005-1067 (1803): J. C/irrm Sot. Abs., 64 (1). 605 (1BB3). 
NiKlitiiiisHle iiiid H. C’uiti.ii, l/«. f7»rn. Sur., 62, 280-3 (1040). 
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and only i mole of aluminum chloride (in the form of a mixture of pul- 
verized aluminum and mercuric chloride). Even the small amount of 
aluminum chloride thus present resulted in some isomerization. 

Using a similar procedure, the preparation of fcc-butylbcnzene, boil- 
ing at 173.2-174.2^, from benzene and sec-butyl chloride was effected 
with an 82.5 per cent theoretical yield. 

ter£-Butyl chloride was condensed with benzene in the presence of 
aluminum chloride by Boedtker.*'* The sole product was tert-butyl- 
benzene, boiling at 168.2°. In reacting a mixture of isobutyl and tert- 
butyl chlorides with benzene, the same author reported the formation 
principally of £eri-butylbenzene, with small amounts of iso-, sec- and 
n-butylbenzenes. 

That the tyj)e of substitution is a function of the time and temperature 
of the reaction is sliown by the fact that di-isobutylbonzene is produced 
from butyl chloride, benzene, and aluminum chloride at 0° in ninety 
seconds. If, however, tlie reaction mixture is left for some time at room 
temperature, tri-isobutylbenzene, butylbonzenc, and an unidentified prod- 
uct are formed.®® 

The preparation of butylxylcnc is of practical importance in the per- 
fume industry in the manufacture of xylene musk. The reaction of tert- 
butyl chloride with w-xylene aiul aluminum chloride results only in low 
yields of 5-£er£-butyl-l, 3-xylene. It has been found, however, tliat if a 
stream of isobutylene gas is led through a mixture of m-xylene, dry alu- 
minum chloride, and a little isobutyl chloride, a series of reactions 
(intennediate formation of /n /-butyl chloride and subsequent condensa- 
tion with 7n-xylene) occurs which results in almost theoretical yields of 
5-£er£-butyl-l, 3-xylene. The hydrogen chloride freed during the reaction 
with the small amount ol isolnityl chloride initially jiresent chlorinates 
the incoming butylene.®® 

In another method, a 90-94 per rent yield of 5-/cr£-butyl-l,3-xylenc, 
of such purity that it may be iiserl directly in musk xylene manufacture, 
is claimed to be produced if alkylation is conducted at a temperature 
below 50°, and in the presence of nol over 2 per cent by weight of alu- 
minum chloride. It is indicated that, in the reaction of 7U-xylene with 
£er£-butyl chloride, diininiKliing the tenqieruture or decreasing the amount 
of catalyst discourages the formation of by-products without seriously 
affecting the yield of the main product.®^ 

Higher alkylbenzenes have been prejiared for a variety of commercial 
applications. For the preparation of textile assistants Seidel and Engel- 
fried obtained octadecylbciizenc from n-octadecyl bromide, benzene, 
and aluminum chloride. This was easily changed into octa^lecylbenzene- 
sulfonic acid, whose sodium salt wa.s found to be a textile aid. 

Higher paraffin hydroearl)ou.s, for example, a kerosene fraetion corre- 

Hufillkii, hitlL toi. ihim. (.1), 31, M5-II71 (1004); J. i'hnn. Sot. AUi.. 86 (1), 801 (1004) 

»T. Fiflu, Jfutxmki Ch,m.. 14. 87-00 (1034). . 21. 0420 

“<>0. GeiliuiiO RotihHtuOind, 5, 07-00 (1030); V. /!.. 24 , 4807; of. (^Viinnii 1*. 184,23(1 to 4Kfa. 

^ 0. a. r. 2.023,600 11036) ta W. V. Wuili (to E. I. du Pont); C. A., 30. 788. 

Beidcl auU O. EaseUried, Bvi., 60, 2667-2601 (1036); Bnt, Vhtm, Ab$lruvU-B, 110 (1037). 
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spending to doderanp, may bo ohlorinatod to produce a inixturo of 
unreactod paraffin hydrocarboiiB and the rrjrrosponcling alkyl chloride. 
This is then submitted to a splitting reaction and the alkyl chloride and 
olefin of the mixture is conrlenaed with an aryl liy<lrorHrbnn, like ben- 
zene, for the formation of ulkyl-subBtitulcd aryl hydrocarbon deriva- 
tives.**' The mixture of the paraffin material and the alkyl mono-chloride 
may be condensed with the aryl hydrocarbon, and the uncondensed mate- 
rial separated by distillation.®® 

Mineral oil fractions may be chlorinated and then condensed with 
benzene or other aromatic hydrocarbons in the presence of alimiinum 
chloride After purification by distillation the products arc sulfonated 
for the preparation of wetting and cleansing agents.®' 

In a process for the preparation of sulfonated condensation products, 
385 parts (by weight) of a chlorinated light petroleum fraction is caused 
to react with a suspension of 10 jiarts of aluminum chloride in 350 parts 
of xylene at 50*’. The iT*«ulting alkylated xylene is subsequently sul- 
fonated.®^ 

Kerosene rut.s of narrow boiling ranges, corresponding to the boiling 
points of nonane, decane, imdecane. dodecane, tridecane, tetradccane, and 
f)entadecane, respectively, may be chlorinated so as to produce a pre- 
ponderant ])rop(»rtion of alkyl mono-rhlorides; and the alkyl halides 
thus obtained may be n^ed for alkylalion of hydrocarbons of the ben- 
zene scries.®* 

Lubricants of high viscosity arc obtained by condensing chlorinated 
paraffins, especially of from 11 to 25 carbon attnns (petroleum distillates 
or products of Fiscbcr-Tropsrli benzine synthesis) with aromatic hydro- 
carbons in the pres(‘nce of aluminum chloride. A fuller review of work 
in the preparation of the>c "pour-poinl” depressors will be given in the 
chapter on aluminum chloride in the petroleum industry. 

The production of deuterobenzene by the reaction of benzene with 
deuterium rbloriile in the jirescnce of aluminum chloride is really a type 
of Friedel-Oafts reaction, the deuterium clilorirlc j)laying the role of an 
alkyl halide to give a hexa-subslitutod l)cnzene®^: 


C.H, I BDCi an, + 6Hri 


For the production of alkylated aromatic ketones, the alkylating 
agent and the acylating agent may be condensed with an aromatic hydro- 
carbon in the same reaction mixture.®® For example, a 60 per rent yield 
nf p-amylaeetophenono is obtained by treating a .solution of amyl chlo- 
ride, benzene, and acetic anhydride in ethylene dichloride with aluminum 
chloride. Without the use of the solvent, the yield is only 30 per cent. 


d' £ Tliomns (to BhRiple<f Corp ) (IDBB) 

BiS' 8 P- a.W2.0«l (1M7) to C. A Thoitiae (In Sharplrt Snlvents Corp); C t., 31. 2613 (IBB?) 

(1B84) to I. G FnrbPninduMrif 
m (1037) to I. 0 Farbenindupirio 

«i A Si'?** 17B-4 (1080) to L. P Kvridpp (to Mori'VRntn PhrmiPRl Cn ) 

(IBBC) ; r X^BO^SOoV^"*^^’ Chem , A17fi, 6B-B0 (lOBB); BriU Vhertt Ibsfrrtr/f-A. 714 

1 j. 8. P. 2,064,060 ( 1016 ]^ to H. A. UiiiRoii nnd O StPin (to Riihm and Horh Cn ) 
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Concurrent for rather consecutive) aeylalion-alkylation reactions 
require more than one mole of aluminum chloride; otherwise acylation 
usually occurs.®® 

Isomerization Accompanying Friedel-Crafts Reactions’*' 

Isomerization of an alkyl residue usually oceiirs during Friedel-Crafts 
alkylation. Wertyporoeh and Firla®*"’ have found that propyl chloride is 
converted by large amounts of aluminum ehloride into isoiuopyl chloride, 
hydrogen chloride, and condensation products. The conversion of propyl- 
bromide into isopropyl bromide by the action of aluminum bromide had 
been noted by Kekul^ and Schrotter in 1880."*® Aceording to Schramm 
the production of tertiary butylbenzene from isobutyl halide, benzene, 
and aluminum chloride was assumed to be due not to a preliminary 
isomerization of the alkyl halide, hut to dehydrohalogcnation, followetl 
by addition of benzene to the double bond^^ of the resulting olefin. Thus, 
isobutyl chloride was found to split into butylene and hydrogen chloride 
by the action of aluminum chloride. Addition of the benzene would tliu^ 
result in formation of icrf-butylbcnzenc, the jihenyl group attaching it'^cdf 
to the carbon atom which jiossesses the least hydrogen: 

(CHi), . cii . rnaCi -— > (f'H,), . c : (’n, + itn 

(CH,),.c + C.H. (rn,),c.r,H. 

CH. CH, 

The production of jjpc-butylbenzene from n-butvl chlorirle may be 
explained in analogous fashion: 

CH. . CH. . CH,cn.ci rii, . ch, . rii : ch. + nri 

H II 

rii..cH,.c + c.H. rii,.cii..('.r,n. 

ch, riL 

Following this analogy, fcrf-butyl chloride yields fcrf-biitylbenzene. 
Isomerization of the alkyl chain does not occur in Friedel-Crafts ketone 
synthesis with aliphatic acid halides. 

Alkyl groups of alkylated benzenes have been shown to undergo 
migration and isomerization when treated with aluminum chloride. In a 
study of the action of aluminum ehloride on alkylated benzenes, the fol- 
lowing conversions were found to take place®®: 

*For inter- and intramolecular migrations «iep Chapter 15. 

H. OrngK^nB, PFraonal rommuniratton , cf GroBgin«i '[ml Pii>ri>Nsp4i m Oriennii SMillipsin ” 
« £. WertvporDrh and T. Firla, i4nn., 500, 287-205 (1083) 

*WA. Kekul5 and H. Srhratter. Bt/r., 12, 2270-2280 (1870), C Z., IBOO, 117. * 

"J. Schramm, Monatth., 0, 018-026 (1888); / Chhn. Hot. Ah»., 56, 127 (1880). 

** D. Nightingale and L. I. Smith, / Am Chvm. Sor , 61, 101-104 (1030); for rparrengpinent of 
propyl and inopropylxylQnM, see D. Nightingale and B, Carton, Am. Chem. Hoc., 62, 280-3 (1040). 
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l/ii-dimetliyM-n-butylbeuzeue > l,3-dimethyl-5-HC!C-hutylbenzene 

l,3-dimcthyl-4-«ec-butylbeiizt‘np > l,3-diiiicihyl-5>^^butylbeiUBcne 

Here an attempt was made to explain tlie isomerization of the n-butyl 
radical by applying Whitmoru’s^*^ theory of intramolecular rearrange- 
ments: 


AlC'lj 


(C’H*).(%ll.(C4ll.) (CU,)»C.IL + cn,— cn»— 


OIL -rili— OIL— (JII? ” • > CHaCHr-^CIIClI, 

Hhill 

With the .scc-biityl ion similar shifting of the proton would account for 
formation of the ^cr^-butyl ion: 


(’IIi(’H7 ^('IK’IL CII— (!K, > CH.— +C-CH. 


iihilt 


I 

CHj 


bhlfl 


in. 


In the iTuetion of ihoainyl cliloiide with benzene and alumiiiuin ehlo- 
iiih* the lorniation of three ainylbenzene.s has been noted 


(1) {ViL),cu .cu^riu.VAU 

n 

(2) (C'll.hniICM’.H, 


H 

I 

(3) (CH,)»0 r.Hi 
I 

C 11 .CHI 


Here branching of the i.soainyl radical oecurs: 


(C’lfj^sCJK’HAlI.— — ► (CIIO^UHO- 

CIT 3 

(C'H4,)2('HrHj(;iL — (CHB)*(CaUa)( ~ 

If branching were due merely to removal of hydrogen chloride, and 
attachment of the benzene at the resulting unsaturated linkage, only 
product (2) would have been fonned in the reaction. A shifting of the 
proton would explain the formation of both product (2) and product (3). 
The production also of isoamylbenzene may be interpreted as an indi- 
cation of the fact that isoamyl chloride is not completely converted to 
isoinerides during Friedel-Crafts reaction with benzene. 

Another case in which Friedel-tVufts alkylation with alkyl halides 
hii'^ led to fonnalion i){ an unisomerized derivative has been reported by 

ZL WhiUuDrp, J. Am Chem. Stfc„ 54, 3274-8283 (1M2). 

776-777 Esurufi, / Ruas. Phya -Chrm. Soc . 30, 1031-1035 (1BB8); C. Z , 1199, 1, 
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Genvresse^^ 'who secured a mixture of n- and isopropylbenzenes in the 
reaction of n-propyl bromide with benzene and aluminum chloride. He 
indicated that the ratio of the unisomerized product is probably a func- 
tion of the quantity of catalyst used, increasing amounts of catalyst 
resulting in increasing proportions of isopropylbenzene in the reaction 
mixture. 

Ipatieff and his co-workers note the influence of 1 emperature upon 
isomerization accompanying alkylation. At —6°, n-propyl chloride with 
benzene and aluminum chloride yields inonopropyUienzj'iie con.sisting of 
60 per cent of n-propylbenzenc and 40 per cent isopropylbenzene; at 35*^, 
there is obtained 40 per cent n-propyl- and 60 per cent of isopropylben- 
zene. This may be due to the fact that at lower temperatures alkylation 
occurs through the formation of an alkyl halide-aluminum chloride com- 
plex and at higher temperatures through primary dehydrohalogen at inn 
of the alkyl halide to olefin and subsequent addition at the double bond 
Firla^’^ notes that if reaction of butyl chloride with benzene and alumi- 
num chloride is eflected at 0" for ninety seconds, the product i.s dibutyl- 
benzene, but that when the reaction mixture is left at room temperature 
migration of the alkyl groups occurs. 

The production of n-iinipylbenzene in the reaction of allyl chloride 
with benzene and aluminum chloride has been aseriberl ** to hydrogena- 
tion of intermediately lormerl /3-ehloropropylbenzene. If alkylation is 
accompanied by dehydrohiilogcnation and union of benzene at (he olelimc 
linkage, the formation of /i-alkylbenzenes in the Friedel-t 'rafts reactions 
noted above can be ex]ihiiiied only by a senes of reversible intramolec- 
ular changes within tlie alkyl residue, or by cleavage and adilition of frag- 
ments to form the straight-chain residue. 

Isomerization of the alkyl group during Fricdcl-t'nifts reuctiun \\ith 
alkyl halides seems in no way to be affected by the nature of the aro- 
matic component. Since, for example, reaction of isobutyl chloride with 
benzene, alkylated benzenes, phenols, or ethers, results in iormation of 
ferf-butyl derivatives increu'>'iiig activity of the aromatic compound 
does not prevent the disrujiting effect of aluminum chloride on the paraf- 
fin chain. If isomerization is independent of alkylation it must, there- 
fore, occur at a greater speed Ilian does alkylation of even highly activ- 
ated compounds. Data concerning catalytic isomerization of jiaraffins,* 
although meager, indicate that velocity of rearrangement ot paraffins is 
less than that of alkylation. At present, too little is known concerning 
relative velocities of the isonierizing effect and the dehydrohalogcnating 
activity of aluminum chloride on alkyl halides to permit of anything but 
speculation concerning the mechanism of isomerization accompanying 
alkylation. 

«>P tompt mid, 116, 1065-1067 (1803); / Chem Sut Abi , 64 (1), 505 (1803) 

\ \ IpatuH M Pinpv, biuI fj ^liTiM*rliiig, J. Oru Chtm , 5, 263-2U (1940) 

«>T. tirlu, Chpnt , 14, 87-92 (1984), C A., 28, 0426 

1) Xeiiit/i'isui .inrl li A Iisdnwru. her, 66 , 1100-1103 (1033) 

^ See Tables 8, 4, uiiil 5 aiiJ M, Konowalnff, J. Rumb. Bvt , 30, 1036-1040 (1898), 

r Z 1899, I. 777. 

* Sou Chilian 17. 
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Isomerization has been noted by Ncnibzescu and Cliicos to occur 
during the condensation of ryciohexane, n-pcntanc, or n-hexane with 
acetyl chloride. In each case, reaction is shown to proceed through pri- 
mary isomerization of the paraffin or cyclop araffin, subsequent dehydro- 
genation, and addition of the acetyl chloride at the unsaturated linkage. 

Theories Advanced for Alkylation with Alkyl Halides 

The mechanism of reactions catalyzed by anhydrous aluminum chlo- 
ride forms the subject of Chapter 4 , which siimin arizes theories which 
have been proposed for explaining a variety of reactions effected by this 
catalyst. For those who want a more detailed account of work dealing 
specifically with attemi>ts to explain the mechanism of alkylation with 
alkyl halides, there is included here a compilution of work which has been 
directed to this end. 

Complexes with hydrocarbons. -The inechiinisni of reactions effected 
in the presence of aluminum chloride was Uhsumeil by Friedel and Crafts ^ 
to take place through a primary exchange of li>'drf)geii in the hydro- 
carbon for an AI2CIG residue: 

C.H. + AUCl. ^ CJh.AhC^lo h HC;j 

The latter compound combined with an aliphatic chloride thus: 


CrJIuCI H CJl..AhCU ^ Ahf'lo ! CnllBAlhi 


They were unable to isolate the compound ('ijlIr»,Alj('lG. In attempting 
its preparation Friedel and Crafts prepaiTd aluminum phenyl from mer- 
cury phenyl and aluminum, and found that it react erl very much as does 
benzene in the presence of aluminum eldoride, yielding flii)henylmcthane 
with benzyl chloride, phenol with oxygen, and diplienylene disulfide and 
phenyl sulfide with sulfur. They seemed no evidence of any reaction of 
benzene or toluene with eitluT aluminum bromide or aluminum chloride. 
When hydrogen chloride or water wu.s added to a mixture of benzene with 
aluminum ehloride, however, an oily liquid was produced. Analyses of 
the liquid obtained in various exj)eriments showed that it was a complex 
mixture, wdiicli was assumed to consist of a chloroliydr oxide of aluminum, 
the organoinetallic compound CuH.i^AL.CIg, excess of the hydrocarbon, 
and hydrochloric acid. 

At about the same time Gustavson observed “ the funnation of com- 
pounds of the type Al2Br«,6CuHii aiul Al2Br(,,6C7Hh in Friedcl-Crafts 
reactions of benzene or toluene in presence of aluminum bromide. Alu- 
minum chloride was assumed to react analogously.^ The compounds, 
secured by passing hydrogen chloride into a suspension of aluminum 
chloride in benzene or toluene, were rather viscous, slightly orange-colored 


1 h- ? Hiid I C’hinih. fltT., tt, 15M-I.W7 (1035); r. A , 29, 727B. 

I ItimIbI ttu.i J. M. CViiftB, Aim. vhim. phy^, (S). 14, 433-472 ( 1883) 1, 449-532 (1884); 

' W2-80B (1885); 35, 74-77 (1877): Her., 22, Ref. 98 (ni89). 

1380.^^“'*^'"“”' (1B7S): /. Run. Chevi. Sot:., 12, 1-2 (1880); C. X., 

"0. GuHtavioii, Bua, «oc. chim. (i), 31, 71 (1879); Ber., 11, 2151 (1878); 12, 853 (1870). 
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liquids which were slightly decomposed upon addition of water, regener- 
ating benzene and toluene. The complex with benzene was reported as 
AUClejbCeHBi having a specific gravity oi 1.14 at 0°, and that with 
toluene as A12C1 b, 6C7H8, with a specific gravity of 1.08 at 0°, At lower 
temperatures the benzene complex solidified into a crystalline mass, 
m. p, 3". Although Gustavson ^ had analyzed the compound Al2Cle,6CTHB, 
and was quite sure of its existence, he agreed that its formation could not 
explain those Friedel-Crafls reactions with toluene which take place at 
high temperatures, for the compound was decomposed by heat. A simi- 
lar compound, Al2Cl8,3(CioHi4j was prepared from cyitiene.° 

A study on the electrolysis and conductivity of compounds of alumi- 
num bromide with benzene or toluene, as prepared by Giistavson, ha.^^ 
been made.^ 

Also Walker"^ added small jiortions of aluminum chloride to mixtures 
of ethyl bromide and benzene or naphthalene and noted the variation in 
conductivity. Breaks in the curves indicated the formation of compounds 
3X,A1CI3, 2X,AlCl3, and X,AlCl3, Avlierc X standh lor a molecule of 
hydrocarbon. Since reading.s were taken before evolution of hydrogen 
bromide w^as noted, the breaks w'cre not due to alkylation of the hydro- 
carbon. Varying the j)roportion of hydrocarbon used gave a eorrespond- 
ing variation in conductivity curvc.s. 

Ulich and Ncspital ^ report that the dipole moment for aluminum 
bromide in benzene w’as found to be 4.89 < 10 and that m dilute ben- 
zene solution it w'as probably pre.^ent in the ionii of AIBijCoHi,. 

Schrocter ® exjiliiins tlie manifold syntbotie, degrading, and rearrang- 
ing properties of aluminum chloride by asMiming tlje formation of poly- 
inolecules, such as C\,H|„A1G13 wdiieh rearranges mtruinolecularly intc) 
CeHsAlClajIICl. The hydrogen chloride of tins complex is then exchanged 
for alkyl halide, as methyl chloride; the resulting UoHbA 1C12,CH3C1 
yields toluene and aluminum chloride by normal organo-metallie syn- 
thesis. 

Recently, Norris and Rubinstein made a study of intermediate com- 
pounds formed in Friedel-Craft.« hydrocarbon syntheses. These investi- 
gators passed dry hydrogen bromide into a solution of 40.5 g of alu- 
minum bromide in toluene at room temperature and found that within 
twelve minutes reaction leading to the formation of an oil was completed. 
This material had the composition Al2Brfl,6CoH5CH3. When it was 
evaporated at room temperature at 10-11 mm pressure, the non-volatile 
product appeared to have the formula Al2Br«,CuHBCHj. That hydrogen 
bromide was necessary for the formation of a complex was shown by the 
fact that when a mixture of aluminum bromide and toluene in the pro- 
portions Al2BrG -f G«IIr,C/lIn wits evacuated under the same conditions, 

*G. Gustuvbuik, J, pruki. Chtm ft), 42, 601-507 (1090) 

BG GuHtmVbun, /fa., 12. 094-005 (1879). 

•W NeuiniHki anil W Fluliiikow, J /tium. /'hyii Soc., 40, 301-306 (1008), r 1908, II 
I.VM. W. y. JtuMs. /'hys -Ckem. Sue., 40, 1247-1267 (1008) i C\ Z., 1909, I, 402-493. 

’J. W. Walker, y. CV*rw. Spp, 05, 1082-1098 (10({4). * . 

Olich ud W. Nespital, Z. Elrktrochem., 37, 660-603 (1031). 

>»n SfliroeliT, Bti , 57, 1900-2008 (1024); £7. A., 19. 1270 

k Nurna nnd D. Rubiu^lmn, J. Am Chpm. Sor., 61, 1103-1170 (1930). 
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rrystals of ahiininum bromirJr so])arHtrrl out, and at ihr riifl tif one linnr 
all the hydrocarbon had been removed. 

The molecular weighi of the oil secured from aluminum bromide, 
toluene, and hydrogen bromide was determined cryoscopically in p-di- 
ohlorobcnzene, and found to be 174. If the components of the oil had 
affected the freezing point separately, the molecular weight would have 
been 155. The molecular weight of AlaBrfijCoHBCHs is 181. Obviously 
the oil primarily formed, having the composition AlaBrojCCuH-sjCHg, is 
readily decomposed, yielding probablv the stable complex Al 2 Br 6 , 
roHBCHa. 

Complex formation of toluene with aluminum chloride could not be 
so carefully studied because of aluminum chloride being only slightly 
soluble in toluene. An oil was prepared from aluminum chloride, toluene, 
and hydrogen chloride, and although analytical data showed that a pure 
compound had not been obtained, indications were that a mixture of 
compounds had been formed and that the ratio of the AloClo in them to 
hydrocarbon was 1 to 6. 

Later, Norris and Ingraham prepared the crystalline compound, 
ALBrrt,2CrtHnfC«Hf5)3,Hnr, m.p. 64-66®, by passing hydrogen bromide 
info a solution of aluminum bromide in .'fi/m-triethylbcnzene. The analo- 
gous complex, ALCIfi,2rf,TI.T(CjlI-i)s.nri, i)rci>ared by covering freshly 
sublimed aluminum chloride with (be hydrocarbon and i)assing in hydro- 
gen chloride, was secured as an oil which upon ci»oling changed to crystals 
melting at 48-49“. A crystalline complex was also prepared from alumi- 
num bromide and hydrogen bromide with pscudocumene. The complexes 
from toluene or benzene, however, were rather unstable oils, the stability 
of the complexes increasing as the number of alkyl groups present 
increases. 

In further work on intermediate coini)lcxcs in the Friedcl and Crafts 
reaction Norris and Wood prepared complexes in which the hydrogen 
halide was replaced bv tlie alkyl halide. Thus, Al 2 Brn,.'!-CBH 3 (CH.-i) 3 , 
C^Hr^Br was prepared by shaking together a mixture of mesitylenc, ethyl 
bromide and aluminum bromide at 0®. However, attempts to prepare 
complexes of definite composition containing only liydrocarbon and alu- 
minum halide wore unsuccessful, and it was concluded that the presence 
of a third component seems to be necessary for the formation of an iSoI- 
able complex. 

Recent work of Norris and his co-workers indicates that the relative 
proportion of aluminum chloride to hydrocarbon is a determining factor 
in the orientation of alkyl groups in Friedel-Crafts alkylations with alkyl 
halides^ and with alcohols.^** Using the proportion of reactants indi- 
t*ated in the additive complex, Al 2 Cln,C 6 Hn(C 2 Hn) 3 , which had been 


M v' XT™" Ingraham, /. Am. Chrm, Sor.. 62, 1268-11101 (1040). 

wj p M Wood, J. Am rhnn Soc., 62, 1428-1462 (19401. 

D ■ "J Ii4traham. J Am. Chem. Soc., 60, 1421-1423 (1938V .T F. Norris 

1163-1170 ciin9). j. F. Xonw ami B. M. Slurgifl. /. 

'•'.r F Nonifl J?rt J. N. 'in'I 
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reported by Gustavson as a product of the reaction of ethyl chloride 
with benzene in presence of aluminum chloride, Norris and Rubinstein’^ 
obtained 83.5-90 per cent yields of sym-triethylbenzene. That the yield 
of triefhylbenzene seciu’ed, however, is detenninecl largely by the amount 
of aluminum chloride used, the molecular ratio of benzene to ethyl bro- 
mide having a relatively small effect, was shoxvn by the fact that varying 
the amount of the alkyl halide used from 1.05 to 4.2 moles gave sym- 
triethylbenzene in 69-79 per cent yields, whereas lowering the proportion 
of the catalyst gave products in which all possible ethyl derivatives were 
present. 

Menschutkin ” previously reported, however, that thermal analysis 
indicates that aluminum bromide forms no complex with benzene, toluene, 
or p-xylene. The melting point cur\^es of mixtures of aluminum bromide 
with these hydrocarbons showed that no chemical compounds are formed. 
For the system aluminum bromide and bf*nzene, he determined the follow- 
ing crystallization- or solubility-temporal ures; 


Mol % A]Br 

0 

3 2 

68 

99 
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20.4 



Temp. (°C) 

57 

45 
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1.8 

10 
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50 

60 

70 

80 
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94 


The crystallization diagram of these systems consisted of two curves, 
which cut into each other at n eutectic point at 1.8°. Therefore, alumi- 
num bromide forms no moh'cuhir compound with benzene. Since similar 
observations were made for aluminum bromide with toluene or p-xylene, 
it was obvious that no complexes were formed with these hydrocarbons. 
However, if moist hydrocarbons were used for the solubility determina- 
tions, or if hydrogen bromide was led through the above binary systems, 
the homogeneous mixture separated into two layers, the lower one con- 
taining little aluminum bromide, and the upper one containing much of the 
salt. Gustavson had assumed this upper layer to be a molecular com- 
pound, since its composition corresponded apprt)ximately to stoichiometric 
proportions, and because its aluminum bromide content varied only little 
with increase of temperature. When Menschutkin led hyrlrogen bromide 
through the system AlBra 4 - CqHo, two layers w’cre formed. The bromine 
content in these was determined: 

iipprr layrr at 0" 46.81% Br at 67.5“ 47.97% Br 

lower layer at 0" 16.68% Br hI 57-5" 19.889^ Br 

For the system AlBfj ■+• CBH.-i.CH 3 , the following results were seeured: 

upper layer at 0" 44.86% Br at 75" 46.38% Br 

lower layer at 0" 0jJ27% Br at 75“ 00.569% Br 

From this data Menschutkin assumed that here we have to deal with ter- 
nary complexes in which the composition of the liquid varies little wdtli 
temperature. 

>”0. Gitftavson, /. jnultt. Chrm., 68, 209-234 (1903); / Chrm. Soc. Ahn^ 84 (1), M14 
»B. MKHwhulkm, J Ruat. rhu^.-CInm , 41, 1089-1110 (1909); C. 2., 1910, 1, 167. 
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The fact that aluminum bromide forms no complexes with benzene, 
toluene, xylene, naphthalene, and diphenylmethane was also shown by 
Kablukow and Ssachanow who determined crystallization temperatures 
of binary systems of these hydrocarbons with aluminum bromide. 

Complexes with alkyl halides. — The liquid compounds produced by 
the action of alkyl halides on aluminum chloride or bromide formed 
unstable additive products with aromatic hydrocarbons. Thus, by the 
action of ethyl bromide on aluminum chloride the compound A 12 C 1 o,C 8 Hib 
is formed, which combines with 6 moles of benzene to form the additive 
|)roduct Al 2 ClB,C 8 Hni, 6 CBHfl. It reacts with ethyl bromide under evolution 
of hydrogen bromide to yield triethylbenzene. Similarly, from isobutyl 
L'hloride and aluminum chloride a cuiupound was obtained which contained 
45.9 per cent chlorinc.^^* AValker-* noted considerable conductivity with 
methyl-, ethyl-, and ?i-propyi iodides as well as ethyl bromide and chloro- 
form solutions of aluminum cliloride and assumed the formation of an 
iidonnediatc compound between the catalyst and the alkyl halide. 

The rate of the reaction of benzyl chloride with toluene in the pres- 
eiire of aluminum chloride has been measured by Steele.--* He found that 
the reaction is unimolecular and that it comes to a standstill when for 
(}vcry gram equivalent of aluminum chloride, 25 molecules have entered 
into reaction. Evolution of hydrogen chloride never occurred unless an 
intense orange color had first developed in the reaction mixture; as the 
reaction came to an end, the color disappeared almost entirely. The 
color was assumed to be due to the formation of a complex of the catalyst 
with benzyl chloride, and cessation of the reaction at a definite point was 
explained by formation of a complex of aUiiiiinum chloride with the 
hydrocarbon produced. 

Wertyporoch and Firla explained the differences in conductivities of 
several alkyl halide solutions by assuming a primary dehydrohalogenation 
of sucli alkyl halides as propyl and isopropyl chloride or chlorocyclo- 
hexane to the corresponding olefin, and subsequent formation of highly 
ionizing olefin-aluiiiiiuini rhloride complexes. Since these complexes were 
already highly ionized, arlditioii of benzene did not result in as high an 
increase in conductivity as did addition of the hydrocarbon to an alumi- 
num chloride ethyl chloride complex. 

Ternary complexes. — The formation of aluminum chloride complexes 
as the result of the reaction of alkyl halides with aromatic hydrocarbons 
has been reported by Gustavson.^^ These were prepared by him in vari- 
ous ways. Thus, by the action of ethyl bromide on aluminum chloride, 
the compound AlaC/lujCslIio was formed, and this was combined with 
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6 moles of benzene to form the additive product AlsClajCsHiH^bCaHe, 
which is dissociated into its molecular components by heat, and which 
reacts with ethyl bromide to form a new additive product in which the 
benzene is replaced by triethylbenzene. Upon heating, the new product 
decomposes into tricthylbenzene and the compound Al 2 Cla,CHHiB. Tri- 
ethylbenzene was also produced by reaction of 1 part of aluminum chlo- 
ride with 1 part of ethyl chloride and 2 parts of benzene. There is first 
formed an intermediate complex, Al 2 Clu,C 6 H 3 lC 2 H 5 ) 3 , a yellow, viscous 
liquid, which boils, under pakial dissociation, at 135-140^/15 mm, and is 
decomposed by w^ater to yield triethylbenzene, b. 210-213®. 

The only crystalline complexes which Gustavson secured were com- 
plexes in which all throe components formed ternary molecular com- 
pounds; some still contained a molecule of hydrogen chloride. When a 
current of hydrogen chloride is passed through a mixture of 1 mole of 
aluminum chloride and 2 moles of .s‘ym-trielhylbenzenc, tlie compound 
Al2Clu,2CoH3(C2H3)34iGl w'as formed as a yellow, crystalline mass. The 
same product was obtained by i)ab8ing hydrogen chloride through a mix- 
ture of Al 2 Clo,(viiH 3 (C 2 H 5 l .3 and sy^n-triethylbcnzene at —8®. The com- 
pound Al 2 Clu, 2 C\iH 3 [Cn(OH 3 )jj 3 ,IICl was similarly obtained in the 
form of yellow crystals. It melted and deenmptised at 50® to form tri- 
isopropylbenzene. The action of fert- butyl chloride and benzene on alu- 
minum chloride at —10® led to fonnation of a yellow crystalline com- 
pound, which was also formed by the action of p-di-tert-butylbenzenc 
and tert-butyl chloride on powdered aluminum chloride at —10®. 

Schmidlin and Lang-” have pointed out that since Menschutkin has 
shown that aluniimun chloride and hydrocarbons do not form molecular 
compounds, and since those between alkyl halides and aluminum chlo- 
ride have not been is^olateil, the only molecular compounds wdiicli are 
formed in Friedel-Crafts alkylations are ternary complexes in which all 
three components are present. 

Schaarschmidt suggests the following scheme for Friedel-Crafts 
hydrocarbon synthesis: 

(1) Activation of the aromatic hydrocarbon by aluminum chloride 
and a simultaneous '^loosening'' of the bonds of the organic halo- 
gen compound. 

(2) Formation of a complex consisting of catalyst, hydrocarbon, aiirl 
addend in which the aluminum chloride is held by auxiliary 
^'alellces and the addend by ordinary valences, thus: 

K 

('b\l ::: 


(j (jusia\ -iiiii J i'Unn f*), 72, ii7 7B (I'lOS); J. Vh\m *Suf , B8 (I), 606 (IWW); 

i’ompt Jtfid. 140, B40-441 (IMIii) J. ('firm. Hoi , Ah<i , 88 (1). .134 (IUU,j) 

^.1 SNiiiiiilliri uiitl 11 laiiiE, /itr., 45. (1012) 

I) SUif-lr J C/ifm 53, 1470-1490 (1003). 
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This rompU'x involves ilir fonnatidn of a partially saluratod 
hrnzrnr. 

(3) The fitahiliiy nf I his rnmpirx flrprnds upon tlir rlivisinn nf innrr 
valrnros. In alkylation, split (inf; is assumed to orcur at the 
point where addition has taken place to involve ordinary’ 
valences. The metallic chloride and the double bond is thereby 
reRcnerated, so that stoichiometric quantities of it are not 
required. 

The formation of a benzyl chloride-aluminum chloride complex has 
been more recently advanced by Dilthey,-*^ who suggests the following 
acheine for its reaction with benzene: 
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Here, too, there is postulated an intermediate formation of a dihydro- 
benzoiie derivative. 

Physico-chemical studies. — Conductivity measurements of solutions 
of aluminum bromide in ethyl bromide in the presence of benzene and 
other hydrocarbons which have boon made by Wertyporoch and his 
co-workers point to the formation of ionized complex ternary products 
in the Friedel-Crafts reaction. The investigation was at first conducted 
only with aluminum brnniide in etliyl bromide because of the better solu- 
bility of aluminum bromide; subsequently, however, a series of investiga- 
tions was made with aluminum chloride in ethyl, propyl, isopropyl, and 
cyclohexyl halides.^^ The purified alkyl halides used showed practically 
no specific conductivily ; addition of aluminum chloride to ethyl chloride 
resulted in slightly increased conductivity, which was practically constant 
for 0.025 to 0.2 mole of aluminum chloride. This was explained by 
assuming that the auto-coniplcx, Ak.Cln or AUClia, which through sol- 
vate formation may be changed into Al(C 2 H:iCl)nAlCla or Al(C 2 H 5 Cl),i 
(AlCUlg, binds ethyl chloride in the cation. Dilution does not result in 
noticeable decomposition, although in very small concentrations it does 
become completely dissociated. 

With propyl, isopropyl, and cyclohexyl chlorides, molar conductivity 
upon addition of aluminum chloride is about thirty times as great. This 
was explained by assuming dchydrohalogenation of the alkyl halide and 
the formation of an aluminum ciiloride complex with the resulting olefin. 


(loaix JJer., (4, 1387-13611 (IMI). E. Wertyporoch, 64, 1369-1330 

'"E Wertypoiorh ami T. Fuln, Z. phyaik, C/iem., A162, 308-414 (1932); Ann,, 500, 287-29.1 (1933) 
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Conductivity, clianpc in color, nnil hydroftcn cldoridc cleavage increase 
with aluniinuiii cliloride concentration. 

[n all addition nl benzene to the conriplexes results in formation 

of the corrcsjiondingly alkylated compounds and increase in the eonduc- 
tivity. Tliis is greatest with ethyl cliloride, which is bound to tlie alu- 
minum chloride only as a pseudosalt; here conductivity is 108 times as 
great as it was for the solution of aluminum chloride in ethyl chloride. 
In the other cases in w'hieh more stable complexes had been formed, con- 
ductivity upon addition of benzene is increased leas than two-fold. 
Ionized ternary complexes are assiiired to be formed; in these there is 
hypothesized a loosening of the bond between halogen and carbon of the 
halide component and a loosening of hydrogen in the benzene nucleus 
Stabilization occurs upon formation of alkyl benzene. 

Addition of cycloliexane to a 2.7 per cent solution of aluminum chlo- 
ride in chlorocycloliexane resulted in no increase in conductivity. The 
use of hydrogenated aromatic hydrocarbons in the Friedel-Crafts reaction 
obviously requires a much greater concentration of aluminum chloride. 

In a later study the conductivity of aluminum chloride solutions in 
butyl, isobutyl, amyl, isoainyl, and hexyl chlorides was inve.stigatcjl. 
Molar conductivity was found to increase with the concentration ITnsatu- 
rated hydrorarbons were formed by cleavage of hydrogen chloride, and 
these were assumed to form complexes with the catalyst. 

In kinetic studies, Ulich and Ileyne have found evidence of the for- 
mation of a complex between the catalj'st and propyl chloride. The 
complex MCln,CHH 7 Cl reaches an equilibrium with the metal halide, ben- 
zene, and the product. The rate of the alkylation was directly propor- 
tional to concentration of MCli,r 3 ll 7 Cl and of the hydrocarbon, which 
according to Price and Ciskowski indicates that any further function 
of the catalyst in activating the hydrocarbon is negligible. IMich and 
Heyne note that results with propyl chloride fit fairly well the expression: 


dv/dt = /iC'(GaCl3,C3H7Cl) (CflH„) = k(GiiCh) {C-M,V\) (C«Hn)/ 
(CeHo) + K{C^lhC\) 

in which k = 750 and K = 0.5. With aluminum chloride instead of gal- 
lium chloride as catalyst, there is only partial agreement with this 
mechanism, since here reaction primarily occurs by complex formation 
with the product. 

Polynuclear Hydrocarbons and Unsubstituted, Saturated Alkyl Halides 

Since the action of aluminum chloride on naphthalene results in con- 
densation and decomposition, Friedel-Crafts alkylation of naphthalene is 
successful only under very mild conditions. Attempts to methylate naph- 

"E. Wm'typnroch uid I KowalMki Z. phyitk, Chem., A16C, 205-218 (1238); C. A., 28, 327. 

"H. Ulirh and G. Hpyne. Z. JiJFktrorhem., 41, 502-5H (1235): C A , 29, 7788 
C. C. Fl-jop und J M CiRkQ\ir8ki, / Am, Chem. 9oc . 80, MOO-2502 (1028). 
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ihalene were at first unsuccessful."^ Recently it has been possible to 
secure very small yields of methylated naphthalenes at ordinary temper- 
atures. With methyl iodidei a 5 per cent yield of a mixture of a- and 
^-methylnaphthalene, in which the a-compound predominated, was 
obtained."^ With methyl bromide, an 8 per cent mixture of equal parts 
of and /9-methylnaphthaleneB was secured. The best yield was obtained 
using methyl chloride, 10.7 per cent of only the /9-compound being 
obtained in almost pure form. 

Under careful wanning, so as not to decompose the naphthalene, 
/3-ethylnaphthalene has been prepared by reaction with ethyl bromide.®" 
Binaphthyl was also formed. Reaction of naphthalene with ethyl iodide 
was shown to result in the formation of /9-ethylnaphthalene together with 
a very small amount of the a-compound,*®® With 100 parts of naphtha- 
lene, 50 parts of ethyl chloride, and 15 parts of aluminum chloride, 
/9-cthylnaphthalene has been prepared.*®^ 

From a hot mixture of 350 g of naphthalene and 200 g of n-propyl 
bromide, /9-isopropylnaphthalene in an almost pure state has been 
obtained.^®^ Here about the same proportion of reactants were used as 
in the preparation of /9-mcthylnaphthalene noted above. 

An excess of naphthalene ha.^ also been used in the preparation of 
ferf-butylnaphthalene from 15 parts ol naphthalene, 6 parts of isobutyl 
bromide, and 1 part of aluminum (•hloriile.*®-* The reaction was effected 
at 100°. /9,/9-dinnphthyl has also been reported to be a product of the 
reaction.*®'* Gump *®’’' heated 2 moles of frrf-butyl chloride with 1 mole 
of naphthalene in the presence of a small amount of aluminum chloride 
and obtained a mixture of two di-fer/-butylaaphthalenes, one boiling at 
319° and melting at 82-83°, and the other boiling at 320° and melting at 
145-146°. The two were separated by fractional crystallization from 
alcohol. Gump suggests that these arc probably identical with the 
“dinaphthyls” reported to be formed in the reaction between isobutyl 
chloride and naphthalene. Gump could not prepare a fert-butylnaphtha- 
lene from equimolccular amounts of the reactants. 

Using an excess of naphthalene, /9-uiiiyliiaphthalene is secured by 
treatment of naphthalene with amyl chloride (obtained from isobutyl 
carbinol) in the presence of a small amount of aluminum chloride.*®^ 
Chlorination of paraffin material containing 8 to 20 carbon atoms to an 
extent sufficient to produce a mixture of the corresponding alkyl mono- 
chloride, without the production of any substantial quantity of alkyl 
l)olychlorideB, and subsequent treatment of the resulting mixture of alkyl 


u c/um. p/iya., 12, 28U-35B (1887), J, Sul. Aba., 54, 1303 (1BB8). C. A. 

memiSD 0884)^' IBOS-lOOU (1 m 6): C’/iem. Soc. Ab... 50 (II). 11« (1890). 0. Bruiinl, Btr,, 17. 

TcJitouIhKi und Yung Fu, Coiitrtb. Iiiht. Cfieni., Nut. Arad. Btnping, 2. 127-143 (1D36); Cftem. 
19J7, a, 2323. 

17, 1170-1180 (1884). 

mJv S?®** 1*^7), 

mi;"’ Outz. Chm. itnl., U, 203. 430 (1881) 

iw A cit. L. Himx, Bull. auu. Jiim., 41, 370-382; /. C/iem. Sur. Ab«.. 1357 (1388). 

a Monatah., 5, 287 (1884). 

w Gump., /. Am. Chem. Soc., 53, 380-881 (1081); BrU Chrm. 4biftraftn-A. 841 (1031). 
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chloride and paraffin hydrocarbon with naphthalene in the presence of 
aluminum chloride results in a mixture of alkylated naphthalene and 
uncondensed material easily separated by distillation.^^ 

Higher alkylated naphthalenes may be made water-soluble by, e.g., 
sulfonation, and find use as detergents, wetting and tanning agents, foam- 
ing compounds, etc. An alkylated naphthalene, produced by reaction 
with, for example, feri-butyl chloride in the presence of aluminum chlo- 
ride, is sulfonated for the preparation of a wetting agent.^*^^ Sodium 
diisopropylnaphthaleno sulfonate and sodium tctradecylnaphthalene sul- 
fonate may be employed in the preparation of a dry-cleaning agent, 
according to a patent recently granted to National Aniline and Chemical 
Company.^®* Propyl-, isopropyl-, butyl- and isobutylnaphthalenes may 
be sulfonated and used with pyrophosphates as washing agents.^®® Com- 
pounds of 8 to 20 carbon atoms produced by polymerization of olefins 
are chlorinated, and tlie resulting alkyl cldorides are condensed with 
naphthalene. The sulfonation products of these higher alkylated naph- 
thalenes arc claimed as wetting, emulsifying, and washing agents.^’® 


Tabic 6. Alkylation of Naplithiilcnc 

f'liiupnurid Formr'd Mk>L llolule lit Tt k ii> 

no Methylnaphtbaleue methyl chlondc l.b, * 

/9-Metbyliiaphthalcnc methyl chloride 2 

^-Methylnaphthaleue mctliyl bromide 2 

/9-Methyluaphtlialene methyl iodide II 

a-Methylnuphthaleiie melhyl bromide 2 

o-Methylnaphthaleno methyl iodide 3 

/S'Ethylnaphthalenc etliyl chloride 8 

iS-Ethylnaphlhalenc ethyl bromide 7 

/9-Ethylnaphthalenc ethyl iodide 9 

a-Ethylnaphthaleno ethyl iodide 9 

^-Isipropylnaphlhalene n-propyl bromide 1 

trrf (?)Butylnaphlha1eiir isobutyl rhloride 5 

iprt(?)Butylnaiihlhalrne isobiilyl broiiiirin 4 

Di-fer^-butylnaphthalcue /pr/-bii(yl chloride 10 

^-laoamylnaphthalenrj isoamyl chloride 1 

UricTcnCEt 


1. L. Roux, Ann. rhxm. vhy»., 12, 289-398 (1887); /. Chem 5r)r. Ahn , 54. l3nR (1888) 

2. TBcheoufaki and Yung Conir. IniC. Chim.f Aatt Azad. Peiwnq, 2, 149-196 (1936), V 7. , 

1937, 11, 2923. 

3. TiclieaufoKl and Yung Fu, Confr. Jnit. CArm., iVa<(. Atad Papnig, 2, 127-U5 (1936) C Z , 

1937, U. 2923. 

4 A. Baiir, Ber., 27, 1623 (1894). 

9 R. Weffsehnder, Monatah , 5, 237 (1884) 

6 r. A Biachoff, Bur., 23, J9n9-8 (1890); J. Chem. Sac. Abs , 58 (11) 1149 (1890) 

7 O. Bninrl. Ber., 17, 1179-1180 (1884). 

R C. MarcliPtti, (iatz. c/iim ifn/ , 11, 269 439 (1881). 

9. 1. Rnux. Ann. rhim phya (S). 12, 807 (1887). 

10. W Gump, 7. Am. Cfiem. Sac, 53, 380-381 (1031), Brtt. CVirm. /IbseracCs-A, 341 (1931) 

Mineral oil fractions containing more than eight carbon atoms may 
be chlorinated and condensed with naphthalene or with methylated naph- 
thalenes. The sulfonated alkylnaphthalones are claimed as wetting and 
cleansing agents. Thus 380 pails (by weight) of a chlorinated light- 

U. 8. P 2,072,061 (1937) to C, A. (to SliitTpIPB Rnlvpnta Cnrp )' C A , 3i, 2613. 

'■"U. 8. V. 1,980,543 (1934) to Eli Luru>. ('. A„ 29, 258 (1935), 

Canodun P. 309,508 In L H. Flptt (to National Aniline and Clinniind C'u ) (1937). 
i"* British P. 447,072 tu W. J Tennant 

fi P 1,902 160 (1985) to T A Tlinmas (to Hharplm SuKfnts Cuip ), 

Britiali P. 416,370 (1934) to I. U. Farbenindustrip 
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potroloiim fraction is canscfi In react witli 10 parts by weight of alumi- 
num chloride in 260 parts of naphthalene at 90°, and the product is sub- 
sequently Bulfonated.’^® 

The Friedel-Crafis reaction willi tetralin results exclusively in sub- 
stitution in the )8-position. AVith aluminum bromide instead of aluminum 
chloride, the yields can be so increased as to make the reaction service- 
able.^^'’ The action of the two catalysts has been oontraalod in the prepa- 
ration of alkyl derivatives of tetralin: 


Catah st 

Dern aliM* 


AIBi-., 

^-idhyl- 

2S 

AlCL 

/9-cthyl- 

2.5 

AlBr. 

itl-isopropyl- 

70 

AICI, 

/S-i^opropyl- 

24.5 


It is claimed that biphenyl and n-propyl or isopropyl chloride react 
rapidly at 90-95° in the presence of aluminum chloride to give isopropyl 
biphenyls.^^^ 

The action of ethyl bromide on acenaphthene in the presence of alu- 
minum chloride results in the formation of 5-ethylaccnaphthone, b.p. 
156720 mm, and 3l0°/760 mm.>i« 

The alkylation of polynuclear hydrocarbons fof at least three ben- 
zene rings) has been effected by carrying out the reaction under pres- 
.•^ure Thus pyrene or ch^J^sene may be heated with an aliphatic halide 
of at least 8 carbon atoms to give, e.g.j polyoctylpyrene or chrysene. The 
l)roducts have been claimed to impart fluorescence to oils, fats, and 
waxes.^^® 

Condensation of aromatic hydrocarbons having at least 4 condensed 
nuclei with aliphatic or cycloaliphatic hydrocarbons containing halogen, 
(c.p., alkyl halides of at least 7 carbon atoms), in the presence of alumi- 
num chloride gives jiroducts which impart a vivid end powerful fluores- 
cence to mineral oils.^'"^ 


Reactions of Tri-alkylated Chloromethanes with Benzene 

The reaction of alkyl-substituted chloromethanes with benzene in the 
presence of aluminum chloride results in evolution of hydrogen chloride 
and the formation of the corresjionding phenyl compound. The following 
compounds have been prepared by the action of benzene and aluminum 
chloride on the indicated chloro-alkyl-methancs 


ChlnrnniptliBiip PbpnvlmrthiinL' 

DenvBtiw DenvBtivp Fnniiptl b.p. 

l)|mpthyl-w-propyI- ilimcIhyl-Ti-propyl- 205-0’’ 

piiiiPlhylisobntyl- fliini'tliylisohiityl- 21S“ 

Methyl din th}^- iiir(hvhlii*tlivl- 204-6" 

Tripthyl- trielliyl- 220-222" 


ii»A T?'"? ?■ M7.0M (1B37) tn I. G. Farbpnimhwlrip. 

•1* 1314-1323 (1330): C, A.. 25. 343. 

^ tij K. I. flu Pont: C- Z.. 1M9. I, 3961 

1 ^ b Muyw nnd W. Kaufniimn. Her., 53, 286-208 (1020); 7. Chtm. Sor. Ah^., 113 (T), 301 (1920). 
^ Q- FaibrtiindwMnp; C. A.. 32, 2140. 

I- G. FHTbpmndiistrie: Br,t. Chem. Ahstrart.-B, 33 (1938). 
Schreiner, /. prakt. Chem., 82, 202-296 (1910); C. Z.. X910, II. 1133. 
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Halsp reported that tliis Friedcl-Crafts reaction ran Hiiiootlily in 
numerous preparations perforiuHl by Inni Tlie reaction, however, was 
found to be reversible: 

(\njii \ rju ^ 2C\,H.R 

Much aluminum -chloride and little benzene was found to reverse the 


reaction, and vice versa. By the use 
methane with benzene and aluminum 
were secured; 

PhcnvLniethane 
Derivative FormfKl 

mcthylethyl-n-propyl- 
nipthv l-di-n-propyl- 
diethvl-«-propyl- 
dundhyliBoamyl- 
m cth p Lhyli'^ou.iny l- 
e^hyldl-n-p^opyl- 
dipthylisobiityl- 
ifi eihyJ d ii sobu ty 1- 
tn-ri-propyl- 
isobutyldi-Ti-propyl- 
methyidiisoamyl- 
ethyldiisoamyl- 
n-propyldiisoamyl- 
i>anhiityldiisnamyl- 


of the corresponding alkyl chloro- 
chlnride, the following compounds 


b p. 

110-112715 mm 
120-121712 mm 
237-238" 
116-117"/14 Him 
122-123714 mm 
127-128"/15 mm 
240-242" 

143-144"/18 mm 
140-141715 mm 
143-144"/!! mm 
153-156716 mm 
170-172714 mm 
180-181715 mm 
172-173711 mm 


It is to be noted that during the above reactions, no further branch- 
ing of the alkyl halide occurred. 

Reaction of I)i- k^d Polyhalogenated Saturated Aliphatic 

IIVDROCAHBON.S WITH ArOMATJC HYDROCARBONS 

Dihalides 

Friedel-Crafts reaction of saturated dichlorinated aliphatic hydro- 
carbons proceeds not only with substitution of both chlorine atoms, but 
also by subsequent reaction of the initial product with more of the halo- 
genated component, so that polynuclear compounds are also formed in 
the reaction. With dihalogenated methanes, for example, the reaction is; 


/\ 

IliCX, 4-211 H,c'' + 21 IX 

^ o 

^ o 

iiiP^ 4 X.-rHj HjT-^ rHj 4 2HX 

<5 


During the last reaction the hydroanthraeene is probably reduced to 
anthracene and methyl halide, however; and the alkyl halide formed 


*«0 M. HoUp. / prnkt Chem (t), 19 , 4 U- 4 M ( 1014 ), C Z , 1914 , II. 23 - 2.1 
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reacts with the benzene present. The final reaction products arCi there- 
fore, diphenylmethane, anthracene, and toluene.^^ The relative quanti- 
ties of diphenylmethane and anthracene which are obtained depend on 
the proportions of dichloromethane and benzene used. 

Toluene and dichloromethane in the presence of aluminum chloride 
similarly yield a mixture of m- and p-xylenc, boiling at 130-150°, 
ditolyl methane, boiling at 280-290°, and dimcthylanthracene. It has 
been shown that this ''dimethylanthracene^' is a mixture of three 
isomeric dimcthylanthracenes, melting at 240°, 244.5°, and 86°, respec- 
tively, and of )S-monomethylanthracene, and that in addition to these 
anthracene derivatives there are also formed di-m-tolylmethanc, di-p- 
tolylmethanc, benzene, and xylene. The course of the reaction appeared 
to be: 


(1) The formation of ditolylinethane derivatives by the direct action 
of toluene and dichloromethane. 

(2) The interaction of the ditolylmcthancs with a second molecule 
of dichloromethane to form a hydride of dimethylanthracene, 
which reacts with a third molecule of dichloromethane to form 
methyl chloride and the corresponding anthracene derivative. 

(3) The methyl chloride thus formed reacts with toluene to yield 
xylene. 

(4) The benzene is formed from toluene by action of the aluminum 
chloride. 

(5) The )Ef-monomethylantliracene is the product of the reaction of 
benzene and toluene with dichloromethane. 


Details of the separation of the three dimetliylanthracenes obtained 
were communicated by Lavuux.^-*'* He fo\ind that the two dimethyl- 
anthracenes, melting at 240° and 244.5°, formed a eutectic mixture having 
a melting point of 225°. The compound, in. 240°, was thought to be 
1,6-, and that m. 244.5°, 2,7-diinetliylaiithracene. 

In order to solve the problem of the ronstitution of the supposed 1,6- 
and 2,7-dimethylanlhracencs obtained by the action of dichloromethane 
and aluminum chloride on a mixture of isomeric ditolylmetbanes, the 
condensation was repeated, using a pure specimen of di-p-tolylinethaneJ*^ 
It was found, however, that the inire hydrocarbon gave the same mixture 
of dimethylanthracencs, indicating Unit aluminum chloride had brought 
about a transposition similar to that which it effects in converting 
i^-propyl into isopropyl derivatives. 

The ratio of ditolylmethanc to dimethylaiithracenes formed is 20:1.^*^® 
Other alkylated benzenes have been reacted with dichloromethane and 
aluminum chloride.^ 20 "With 7n-xylene there is obtained, in addition to 


dw?' .Oin. c/um. phyn. (ti), 11, 2M-Z77; /. C/ir-m. Soc. Aba., 52, 1102 

L»vaux. C 



52, 1102 (IbSt)** P'**"*- 


( 1011 ). 

Soc. Aba., 95 
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liquid products, a tetramethylanthracenc, m.p. 162-163°. PBcudocumenc 
was found to yield durene, a small quantity of tctramethylanthracene 
identical with that obtained from m -xylene, a hexamethylanthracene, m.p, 
220®, and hepta- or octa-inethylanthraccne, m.p. 290®. 

Reacting mesitylcne with dibromomethane in the presence of alumi- 
num chloride, dimcsitylmethane, m.p. 135®, is prepared.^^’ The reaction 
with pscudocumene proceeds with much greater difficulty, di-pseudo- 
cumylmethanc, b.p. 189-190°/12 mm and m.p. 99®, being obtained only 
in small yield.^** Tliis was not identified by Fricdel and Crafts as 
one of the products of the reaction of pscudocumene and dichloromethanc. 

An interesting reaction is the production of fluorcnc from dichloro- 
methane and biphenyl: 


('I n 

\ 



Uj 


The condensation is effected by adding 10 parts of dichloromethanc to 
a mixture comprising 15 parts of biphenyl and 1 part of aluniinuni 
chloride.^*® 

The principal products of the action of dichloromctliane on naphtlia- 
lenc with aluminum chloride arc j^-mothylnaphthalcne and /it,/S-binaph- 
thyl. Full details of tlie separation and identification of these products 
have been given.^®® 

In the Friedel-Crafts reaction of cliehloromethane with naphthalene 
the only product is binaphthyl if the initial stage of the reaction is 
not effected at the ordinary temperature and if the distillation of the 
products of the reaction is not earned out undiT diminished pressure. 

By the action of anhydrous aluminum chloride on benzene and ethyl- 
ene dichloride, there is obtained a cniile product, which was separated 
into two fractions, one boiling at 80-280®, and the other above 280®. The 
former contains small amounts of ethylbenzene; in the latter is a frac- 
tion boiling above 340®, which may be triphenylethane.^®^ Diphenyl- 
ethane, m.p. 52.5® and b.p. 276-277®, is also one of the products.^®* With 
ethylene dibromidc and toluene in the presence of aluminum chloride, 
ditolylcthane, C 2 U 4 (CoH 4 .CH 3 ) 2 , b.p. 297-300®, has been secured.^*^ 
Similarly, dimesitylethane, m.p. 117-118®, is obtained from mesitylcne 
and ethylene dibromide.^®^ 

The action of ethylene dibromide on naphthalene with aluminum 


^ F. Wm/el iiiul li, Kiigcl, A/wat^/i , 35, 953-963 (19U); J Chevi Soc Abt., KM (I), 314 (1913) 

F Wriuel uiiil <j. lliuda, Mouatuh., 55, 973-986 (1914), J. Chem, Soc. Abs., KM (1), 514 (1915). 

AiIhiii, rww nnd, 103, 207 208 (1886), J. .Sur IOn . 50, 1083 

UiKiiiiiix Hull Uiim (J) 25, 491 497 (1901;, J (’htw Sue. Abn , BO (I), 374 (IIMU) 
Ifoiiin, J ('hffH Sue, 97, 1141-1154 (1910) 

'“■il II Niha, HuU HIM ihiiH (J), 36, 24 26 (IWl) J ( Jum Sot \hH . 913 n88l) 

■'■U 1) SiKd. ('ompt. rmd , B9, 606 608 (1870), J. Cht m Sot. {ft, , 259 (1880) 

I'riKild und M. liaUiulm, Bulf. «ur. r/uin., 35, 52-54 (1881), J. Chttn. Sor Abu., 260 (1881) 

\Vi‘ii/f>J and n. Kiigel, MonafUi., 35, 1)53-963 (1914), J Chem. Soc. Abit., 108 (1), 614 (1915). 
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rliloriilr yiold^ pioono a«! a roKult nf a Rcrnmlary reaction, namely the 
decomposition of the .frym-dinaphthylcthano, 0 / 2114 ft 'loHj Is, first formed. 
Conditions for Ihr easy preparation of purr pirene by means of the 
Friedel-Crafts syntliesis witli etliylene liromidc have been Riven.^^^ 

Aliphatic compounds of relatively short chain containing two halogen 
groups, e.g., dichloromcthane, ethylene dichloride, or similar products 
obtained from heavier aliphatic hydrocarbons up to about 5 carb»»n 
atoms, may be condensed with aromatics or hydroaromaties in the pres- 
ence of aluminum chloride to give addition products of high molecular 
weight which, according to the reaction time, are oily liquids or soluble 
plastic resins. For example, wlien a mixture of 200 parts by weight of 
benzene, 255 parts of ethylene dichloride, and 40 parts of aluminum chlo- 
ride is heated at 40° for about four hours, a homogeneous oily material 
is obtained which, when distilled to 250° at 1 mm, yields a relatively 
large quantity of a distillate rich in diphenylethane. The residue con- 
•iists of 77 parts by weight of an oily material, having a molecular weight 
below 1000. By increasing the time of polymerization, a product of 
liigher molecular weight is obtained. These polymers, or their alkylation 
products with, e.g., amyl chloride, have been claimed as blending agents 
for oils and lubricants.*’’® 

Elastic plastic materials which arc ve^ry resistant to the action nf 
many solvents and chemical reagents may be prepared by reacting an 
ethylene dihalidc in the i)rescnee of aluminum ehloride with an aromatie 
hydrocarbon having the general formula, RCRH 4 R, where R and R each 
represent hydrogen or a saturated aliphatic hydrocarbon radical contain- 
ing more than one carbon atom. The properties of the plastic (AXF) 
make it especially interesting as a compounding ingredient for natural or 
synthetic rubber.^®’ 

Reacting ethylidene chloride with benzene and aluminum chloride, 
the formation of njfi/7w -diphenylethane has been reported.*’® Besides 
this liquid product, a solid, 9,10-dihydro-9,l0-dimcthylanthracene has 
been obtained.*’® Experimental proof that this compound was the 
hydride, and not dimethylanthracene, has been offered,*^® and the fol- 
lowing equation for the formation of the hydride, m.p. 181-181.5°, from 
benzene and ethylidene chloride or bromide has been proposed: 


Clin, 

I 

t’H. 


+ 2 c.n. 


PHa 

-f 4iiri 


\ 


rii 


CH. 

FuHnn Burt Mikpiika (to Stnnrtarrt Oil Pevplopment C*o 1 

2,016,020^7 OM6) to S‘ D *75-280 (1036). V’ S P 

rhrwi'i'r*;. 41. 448-449 (1884); J. Chem. 8oc, Ahg . 1356 (1884). Campt. 
^oc. Ab$,, 250 (1880). 

uun Antohlita. Brr , 17. 165-107 (1884)- /. Chnn. Sor Ab^ , 753 (1884) 

U *nd E Romiic. Bft , 18. 662-066 (1885); / Chtrn Soc. Ah,.., 48. 768 (188.*). 

« Ann., 235, 302-827 (1886) 
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BpsidcR the asiywj-cliphrnylethane alrcfidy mnitionc'd, otliylbcnzrnr aUn 
Ijrp been found to hr a prndurt of thr reaction. 

Tlie action of etliylidrno rldnride on tidnenr and on w-xylene has been 
investigated Reaeting 30 g of etliylidene ehloride with 180 g of tolu- 
ene and 15-20 g of aluniinuni ehloride, the following produets have been 
obtained : 

p-ethyltoluene, b.p. 160-163°. 

a,'?i/m-p-ditolylcthane, bp. 296-298°. (The main product of the 
reaction; from 30 g of ethylidene ehloride, 17-20 g of ditolvlelhane 
was obtained.) 

)8,^-dimethyl-mesodimethylanthracenehydride, m.p. 170.5-171°. 
The formation of the ditolylethnne can be expressed by the equation: 

C Ha . r.H4 

s 

CHtCUVU + 2C.H. CH, — ► CII . CHa + 2Hri 

(^Ha 

The tetramethylanthraceneliydnde is formed as follows: 

Cila 

I 

ni 


2CH«.CHrh + 2raHa (^Ha — > CH, CsH/ iWh CH, + 41101 

\ 

(11 

(H. 


Reacting ethylidene chloride in the snine way with ?n-xylene and alu- 
minum chloride, no anthracene derivative is obtained; there have been 
secured, however, the expected ethyl-m-xylene, bp. 186-187°, and di- 
xylylethane, b.p. 323-325°, bn 169-i72°. 

The various hydrocarbons obtained by the action of ethylidene ehlo- 
ride on benzene, toluene, and m-xylene in the presence of aluminum chlo- 
ride are summarized; 


H\ (Irocarbon 
Tfled 

Bcnzpne 

Toluene 

Xylene 


■ . — ■ ■ Reartum PriMlur Im ' 

Bpnzeii« lliphpnvlethani* Anthracene 

SeriM SeriM Serial 

ethylbenzene atri/m-diphenylellmne diinpthylanthmcene- 

hydridp 

1 4-cthyltolueDe nsj/r/i-ditolylethane tetramcthylanthracene- 

hydride 

1 3,4-ethylxylenc airi/^*dixylylethanG 


The ditolylethane obtained from toluene and ethylidene chloride has 
been identified as 1,1-di-p-tolylethanc Assuming that the tetramethyl- 
anthraccnedihydride obtained in the same reaction was produced by the 
^further action of 1 mole of ethylidene chloride on 1 mole of this di-p- 
tolylethane, then it can only be 2,7,9, 10-tetramethy lanthracenedihy- 
dride.*“ 


J. Lniaux, Compt renrt 141, 3.54-356 (1003). J Chem Soc Abi . SB (1), 6M (1005). 
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Tlie action of cthylidonc chloride on naphthalene in the presence of 
aluminum chloride results in the production of /Ct-metliylnaphthalenc 
together with small rpianlitics of a-inethylTiafihtliHlenc, a- and ^-eihyl- 
naphthalpnes, dimcthyinaphthalencs, and /tf,)3-binnphthyl ; a large quan- 
tity of methane is evolved.*"*- If the initial slagc of the reaction is 
allowed to proceed at the ordinary temperature, and if the distillation of 
the products of the reaction is carried out at reduced pressure, the action 
of a^j]/m-dichloroethane on naphthalene yields /S-dinaphthylinethane.^^*'* 

Propylene chloride (1,2-dichloropropane) and benzene in the presence 
of aluminum chloride yield 1,2-diphenylpropane, b.p. 277-279°.^^* 1,3-di- 
phenylpropane and propylbenzene have been secured by heating at fiO° a 
mixture of benzene, aluminum chloride, and IjS-dibromopropane.^^** With 
isobutylene dibroniidc arc formed l-phenyl-2-methylpropane, CHj.CBHn- 
('H(CHa) 2 , l,2-diphenyl-2-inethyipropane, CHaCuHn CCCH.ila CeHr., and 
a small amount of a substance melting at 128° upon crystallizing from 
alcohol.'^® 

By the action of ?«-xylene on 2,2-dichloropropane, or on a mixture of 

2.2- dichloropropanp and 2-chloropropylcne, a 25-27 per cent yield of 

2.2- di-?H-xylyli)ropanc, m.j). 174.5°, has been secured.^^’^ Attempts to 
prepare dimesitylpropane from trimcthylcnc dibromide and mesitylcne 
with aluminum chloride have been unsucecssful.^^® 

By gradual addition of 8 g of aluminum chloride to a mixture of 200 g 
of benzene and 50 g of 1,1-dichlornhcptane, disubstitution occurs with 
formation of of,a-diphenylhe[)(anc.*'‘® When the proportion of catalyst is 
much greater, however, the product is r?-heptylbenzene, possibly because 
of cleavage of primarily formed diphenylheptane. 

Di-tertiary 1,4-dichlorides add to aromatic hydrocarbons to form new 
ring systems, 2,5-dichloro-2,5-dimethylhexane with benzene and alumi- 
num chloride yielding 1,1 ,4,4-tetrampthyl-l,2,3,4-tetrahydronaphtha- 
lene.'®® 


Trihalides 

The reaction of polychloroalkyls with aromatic compounds in the 
presence of aluminum chloride has been most used for the preparation of 
tri- and tetra-phenyl substituted methanes. In 1877 Friedel and Crafts 
reported that chloroform and carbon tetrachloride reacted easily in the 
cold with benzene to yield triphenyl- and tetraphenylmethane, respec- 
tively: 


;*"P. BoflriJiix, Bull. toe. ehtm. fS), 2S, 401-407 (1001); /. Chem. 8oe. Abt.. BO (I), B74 (1001). 

'“A. Hiotibi, J, Chrnm. Soc., 17, 1141 (1010). 

. Jf^ Siha, Compt. rend., N, OQO-OOB (1870); J Chem. Soc. Aba., 2S0 (1880); /nArpjibpr ubrr 
der Chcmie, 87D-8B0 (1870). 

Budroiis, Compt. rmd,, 1J2, lU-167 (1001); / Chem. Soc, Aba., BO (I). 100 (1001). For 
rrartion uf 1,3-chlorobroniopropBiip with bpiupni*. nre 1. Tsukervanik niitl K. Yaiiniir^ku, J. (rPii. 
10, 107B-0 (1040). 

, 'J; Mfrtiroiix. Compt. rmd., 132, 1888-1880 (1001); /. Chem. Soc. Abe., BO (I), 583 (1001). 

44Q “ 927 '?““'*°^ anil r. SdienkPr. Helv. r/iiwi. Acta. 10, 188-140 (1027); Brtt. Chem. Abetracte^A, 

iu V ? R- Monateh., 35, 068-008 (1014); J. Chem. Soc., Abe., 108 (I), 814 (1015). 

wn flS87); r/. F. Kntlt, Bar., 10, 2082->208B (1880). 

U] S’ Krotfer, J. Am. Chem. Soe^ 02, M-44 (1040) ; see bIho p. 488. 

C. Friedel end J. M. CreftB. Bull. eoc. r/nm. (B), 28, 50 (1877). 
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run, \ 3rji« cmcju)^ i me 

('CU f 4C.H. ('(('.II,). 4 4H(’] 

A few years later Schwarz *'"*- desenhed I he reaction nf benzene and 
chloroform, saying that tctrapheiiyletliylene was also obtained. Emil and 
Otto Fischer^®’ utilized the reaction in the preparation of dyes of the 
triphenylmethane series They found that diphenylmethane was nl‘^n 
produced in considerable quantity, and attributed its formation to reduc- 
tion of an intermediate product, diphenylchloromethane, by the aluminum 
chloride. 

Friedel and Crafts reattacked the problem. They obtained the besl 
yield of triphenylmethane by mixing 1000 g of benzene and 200 g of 
chloroform, and adding to tlie mixture 200 g of aluminum chloride in 
four or five portions. The whole was kept at the boiling point of benzene 
for two hours. Only 130 g of hydrogen chloride were evolved m.stead ni 
183.4 g, as required by the equation: 

CHCh + 3CJti ^ CHCUlDi, + 3UCJ 

The authors suggested that Fischer’'^ theory of the formation of diphenyl- 
methane required the evolution of all the hydrogen chloride That por- 
tion of the distillate boiling above weigliod 280 g On heating to 
200° it gave off hydrogen chloride and j^ielded on fractionation 40 g of 
diphenylmethane, 150 g of trijihenylmethanc, and 50 g of carbonaceous 
residue and other substances of higher boiling points lhan triphenyl- 
methane. When the crude product is heated to 200° there is possibly a 
reaction of the chloride, CHCUCuHrIj, and the triphenylmethane, with 
formation of diphenylmethane. For that reason, it was recommended 
that prolonged heating should he avoided in the preparation of triphenyl- 
methane. 

According to Boeseken,^®® when 45 g of chloroform is gradually added 
to an excess of benzene containing aluminum chloride, a mixture of 6 g 
of diphenylmethane, 11.6 g of triphenylmethane, and 24.1 g of triphcnyl- 
chloromethane is formed. Boeseken suggests that the following probably 
occurs in the action of chloroform with benzene: 

(1) CHC1.I. AICl, -f C,H. > CHC,H»C'h. AlCh 

(2) CHC.Hr.Ch, AlCl, -h C,H. > CH(C.Hb).C 1, AlCl. 

(3) CH(C.H«),CI, AlCla + CsH. ► CH(C,Hb)o 

The diphenylchloromethane may decompose thus: 

2CH(C.H0=CI > CHi.(C.Hb). + C(C.HB).Ch 

giving diphenylmethane and dichlorodiphenylmethanc, the latter inter- 
acting with benzene to form triphenylchloromethane. 

' SMH. Schwan, Ber^ 14, 1516-1582 (1881)- / Chem Sor Abtf , 912 (18611 
■■Emil and Otto Fischer. Esr . 14, 1942-1944 (1881), J rhem Sot Ab^., 62 (1882) 

■■C. Pnedd and J. M. Orafta, Bull moc. ehtm (S). 17, 6-11 (1882); J. f'/itm Srte Ah>^ , 621 
(1882) 

■“J. Bupspkeii, Bfc frav thini , 22, 301-814 (1903), J Cfiem Soc Ahji , 94 (I). 617 (1903) 
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By the action of chloroform on toluene in the presence of aluminum 
chloride, Elbs and Wittich'^^ obtained, among other products, a sub- 
stance which they regarded as a dimethylanthracenei m.p. 215-216°. 
Later, Lavaux^"^ showed that this was a mixture of three isomeric 
dimethylanthracenes and a /8-monomethylanthracene. These are caused 
by the reaction of the ditolylchloromethane first formed with another 
molecule of chloroform, and subsequent formation of the dimethyl- 
anthracene. 

Halogen-substituted benzenes react with chloroform to give halogen 
derivatives of triphcnylmethane when subjected to the Friedel-Crafts 
reaction at room temperature in the absence of solvents. Chloroform, 
7 j-dichlorobeiizcnc, and p-dibromobenzene give normal condensation 
products.^*®* 

An attempt has been made to prepare triaryl derivatives of iodine 
by using iodine trichloride instead of chloroform. The former was caused 
bo undergo a Friedel-Crafts reaction with benzene, but only chloro-substi- 
tution products of benzene, together with a small quantity of iodobenzene, 
were obtained. Derivatives of tervalent iodine were not obtained. 

S(ihwarz tried to react naphthalene with chloroform in the presence 
of aluminum chloride, and reported that an intense greenish-blue colora- 
tion was produced. Later Ilonig and Berger studied the same reaction 
and obtained a pibcli-likc mass. This was dissolved in benzene; and upon 
subsequent distillation and rccrystallization, they obtained plates, m.p. 
189-1W° (uncorr.) whose formula appeared to be a multiple of CuHio. 
Two other substances, melting at 170-175° and at 215° were also obtained. 
Homer reports that the action of chloroform on naphthalene with alu- 
ininuiii chloride does not yield synanthrene, as stated by Hdnig and 
Berger, but /9, /9-binaphthyl and inonoalkyl naphthalenes, because of a 
secondary reaction between aluminum chloride and trinaphthylmethane. 

Bibenzyl is the main product of aluminum chloride-catalyzed conden- 
sation of benzene with mcthylchlorofnrm. No 1,1,1-triphenyiethane could 
be detected among the reaction products.'®^ 

By the reaction of benzene on ethylene tribromide, CHBr 2 .CnaBr, in 
the presence of aluminum chloride, bibenzyl in moderate quantity is 
obtained.^®* 

Fifty g of ethylene tribromidc were dissolved in 400 g of benzene and 
then gradually added to 25-30 g of aluminum chloride. It w^as necessary 
to heat the mixture to the boiling point of the benzene before the reaction 
began. One of the reaction products was bromobenzene. By distillation 
under reduced pressure, there w^as obtained bibenzyl, b^ 165-175°, b.p. 


Klbs and o. Wittirli, Bit., IB, (1886); /. Chrm. Soc. Ahi., 517 (1885). 

.. Compt. rtnd., 146, a45>a47 (1B08); /. Chem. Sor. Aht , 94 (1), 25B (1908); Compt. 

Soc. Abi. BB (1), 43 (1905). 

I'M I V OHmu ^un HiimiK, J. rhnirifr Chvm. Boi , 4. 142-148 (1036), C. A., 30, 8192. 

ji. ' AiittlCUiiii} Miul K. L) LimL'ia, aaui i|uim. aryentina, 9, 121-128 (1021); J. Chem. Sue. 

I o SrliWHiA, Bei . 14, 1516-1.')32 (1881) J T/u ;/i .Sui . /Uim , 912 4 1881) 

in A uiiU V. UnKiM, MonaUh , J, 068-672 (1882); J, rh,m Aot. thn.. 08 (1882). 

„uu i- t'hf'm. StH., 97. 1141-1154 (1910). 

m V , Her., 36, 472-475 (1003). 

A. Angeblu and K. AnachuLs, tier., 17, 167-168 (1884); /. Chvm. Soc, Aba., 753 (1884) 
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284°, m.p, 51.5°. Its isomer, diphenylethane, was also one of the reaction 
products-^®® 

1,2,3-tribromo- or -trichloropropane has been reacted with benzene 
and aluminum chloride; triphcnylpropane, together with some dibenzyl- 
methane, (CoHsCH 3 .)CH 2 (CH 2 .CeHD), W'as secured.*®® 

The reaction of pyrene with aliphatic compounds having up to 4 car- 
bon atoms and at least 2 halogen atoms in the presence of aluminum 
chloride has been claimed to yield substances imparting fluorescence to 
oils.^®"^ 


Tetrahalides 

The action of carbon tetrachloride on benzene in the presence of alu- 
minum chloride was reported by Friedel and Crafts to yield tetra- 
phenylmethane. A year later, Emil and Otto Fischer ^®® claimed that the 
tietra- compound could not be obtained, but that triphcnylmcthane, which 
they identified by changing it into the carbinol, was formed. Later 
Friedel and Vincent made a more thorough study of the reaction and 
reported that dichlorophenylmethane and chlorotriphenylmethanc were 
the substances primarily formed. According to Friedel and Oafts/^* 
however, the results of the reaction between carbon tetrachloride and 
benzene vary with the conditions; if the crude product were distilled at 
high temperatures, even triphenylmethane, as reported by the Fischers, 
could be obtained. The production of triphenylmethane was reported by 
various other authors, including Schw'arz,*^^ and Meyer.*^’* 

Gomberg showed that the triphenylmethane obtained by these 
investigators is due to a secondaiy decomposition of triphenylchloro- 
methane, which is primarily formed. The latter compound is very easily 
changed into triphenyl carbinol by treatment with water. A 70-87 per 
cent yield of the triphenyl carbinol was obtained by heating together 
carbon tetrachloride, benzene, and aluminum chloride, and at the end 
of the reaction running the well-cooled mixture onto a large quantity of 
powdered ice contained in u vessel surrounded by a good freezing mix- 
ture. To prevent transformation into the carbinol, the product should 
not be left in contact with water. 

Boeseken attempted to explain the mechanism of the reaction, 
postulating that when benzene is added gradually to a mixture of alu- 
minum chloride and carbon tetrachloride, a liquid additive product of 
dichlorodiphenylmethane and aluminum chloride is formed, which on 
further treatment with benzene yields triphenylchloromclhane. If the 

R AnochUtc, Ann.. 215, 538-336 (1886). 

^A. (JIbum Bud H. Meicklin, Brr , 18, 2532-2938 (1833). 

P. 485A74 (1538) to I. G. Faibeuiudiutrie; C. A., 32, 8118. 

^C. Frindd and J. M. CrnttH, Comvt. rgnd., M, 1480-1464 (1877); J. C/iem. Soc, Aba,» 864 
(18771; Bull. uoc. cAim.. 21 (2), 30 (1877) 

»£iijil and Olio Firahor, Ann,, 194, 242-302 (1878). 

' iiof Fri«d()l and C. Vincent, Bull hoc. chtm. (i), 36, 1 (1881). 

C Fiirtlel and J. M. Craftii. Ann. t/um. phya. (6), 1, 440-532 (1884) 
bkliums, 1616-1632 (1881); /. (7i«in. Sol. Ab»., 012 (1881) 

V. Meyer, Rcr., 2l, 2776-2788 (1893). 

M. GiHubeiK, Ber., 33, 3144-3149 (1900); /. Am. Chtm. Sor . 22, 762-737 (1900); J. Chtm. Soi 
Aha., 89 (1), 77 (1901) 

^‘"J. BneeekfMn, Rk trav. rluni , 24, 1-6 (1903); /. CVteei. Sor. Aba, 88 (I), 423 (1903). 
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addition compound is waslicd with water, however, dichlorodiphenyl- 
methane is fonned. Bdeseken obtained an 80-90 per cent theoretical yield 
of the latter. 

Gomberp; and .tickling prepared dichlorodiphcnylmethane in 90 per 
cent yield by adding to 135 g of finely divided aluminuiu chloride in 300 
cc of carbon disulfide, 156 g of benzene and an equal volume of carbon 
tetrachloride in the course of one hour, keeping the temperature below 
30“ , decomposing the next day with ice, drying the carbon tetrachloride 
solution with calcium chloride, distilling in vacuo and redistilling in vacuo 
with the calculated amount of phosphorus pentachloride to react with the 
5-10 per cent of benzophenone in the original distillate. 

In the reaction between carbon tetrachloride and benzene five reac- 
tions should be possible: 

(1) Cn. 4 CJIn > IICl 

(2) CCl* + 2C.H, ^ CL.C.(C.H5)* + 2HCI 

(.*4) CCl. + 3C.n. ^ C1.C.(C.H.)b + 3HCI 

(4) CCl. H- 4 CbH. > C(CJIr.). 4- 4HC1 

(5) CbHb.CCI, 4 CbH. > C1sC(C.Hb), 4- HCl 

As we have seen, reaction (4), at first advanced by Friedel and Crafts, 
was subsequently disproved. With regard to reaction (1), Boeseken^"^^ 
says that the reason that no trichlorojdienylmethane can be detected in 
the reaction products may be explained by the simultaneous substitution 
of the first two atoms of chlorine as in reaction (2) , or by the rapidity 
of reaction (5). Dichlorodiphcnylmethane is the product obtained under 
ordinary conditions of the reaction; substantial amounts of triphenyl- 
chloromethane are not obtained unless reaction (5) is prevented, as seen 
in the sudden cooling effected by Gomberg.^"^® 

Benzophenone in 80^89 per cent theoretical yield ran be prepared by 
the action of benzene on carbon tetrachloride in the cold and subsequent 
hydrolysis of the benzophenone dichloride by distillation with steam. 
The reactions proceed thus: 

Airii 

2C.Hb 4- CCl. > CbHbCCIbCbHb + 2HC1 

C*Hr.CChG,H, 4- H»0 ^ + 2HC1 

A 68-84 per cent theoretical yield of triphenylmethane was obtained 
by reacting 3 moles of benzene with 1 mole of carbon tetrachloride and 
aluminum chloride. Upon adding ether to the reaction product, the tri- 
phenyliuethane w^as obtained, according to the equation: 


3G,Hb 4- CCl 4- AlCl 
(C»H.),cri.AlCL 4 (C.Hb ),0 i 


— > (C»H5).CC1.A1C14-3HC1 
(C.H«) .CH 4- CHbCHO + CbHbCI + AlCl 


^ M. Gomber* and R. L. Jicklina. J. Am Chiw, Soc., 37, M76-MB1 (19W); C. A.. 10, A8. 
i 7 *< M c^im..l7, 6-0 (1008). /, Chtm. Sor. Aba„ 04 (I). 189 (1908). 

\hM M ' aiM-ai« (1000); /. Am. Chem. Sor., 22, 752-767 (1900); /. Chem. 

iV«r ^ nwi) 

Sp«rTy, "Ormnic Vnl. VIH, pp. 28-20 (1928). 

J F. Norris, ''Orranic Hynthssfw,*' VoV. IV, pp. 81-83, 1925. 


Snr. 
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To a mixture of 292 r of dry benzene and 116 g of dry carbon tetra- 
chloride was added 100 g of anhydrous aluminum chloride. The reaction 
vessel is immediately cooled and then allowed to stand for 24 hours. 
Then is added 110 g of anhydrous ether, and the reaction mixture is again 
allowed to stand for 24 hours. This is decomposed with ice-HCl. One 
liter of benzene is then added, and the mixture is heated on a steam-bath 
and boiled for five to ten minutes. The mixture is allowed to cool t<i 
40-60°, when the benzene layer is separated, and waslied with 700 cc of 
warm water containing 25 cc of concentrated hydrochloric acid. After 
removal of benzene, the residue is distilled and the fraction boiling 190- 
215°/10 mm is collected. Recrystallization from alcohol gives the pure 
triphenylmethane in a total yield of 125-154 g. 

Norris considers the reaction between ether and the molecular com- 
pound of triphenylmethyl chloride and aluminum chloride to proce(‘il 
thus; 


(C>H^),c.ci + (CaHr.)..o — > (raH.)roaH. 4 r.-ii ri 

(r,HB),c.oc,Hr. — > (aHr.).rH f cir.nn) 

Butyl ether and ethyl alcohol have the same effect as ether, but ethyl 
acetate does not. Heating the alkyl ethers or esters of triphenylcarbinol 
gives an excellent yield of triphenylmethane. The by-product with the 
ethyl ether is acetaldehyde, with isopropyl ether, acetone. Aluminum 
chloride and diphenyldichloromethanc in ether give benzophenonn. 

The reaction of carbon tetrachloride with benzene homologs is analo- 
gous to that with benzene. Gomberg and Voedisch obtained tritolyl- 
chloromcthanc by the action of aluminum chloride on a mixture of carbon 
tetrachloride and toluene, the method used being that which has been 
described for the preparation of the corresponding phenyl compound.'"® 
Later the tritolylchloromethane was shown to be the tri-p-tolyl deriva- 
tive, m.p. 173°.*"^ According to Bocsekon the gradual addition of tolu- 
ene to a mixture of aluminum chloride and carbon tetrachloride results in 
the production of dichlorotolylmethanes in which the para derivative pre- 
dominates. Gomberg and Todd have also shown that dichloroditolyl- 
methanes are formed in the reaction. These undergo violent decomposi- 
tion when distillation is attempted. The reaction with m-xylene results 
in a certain amount of resinification,'"® but the crude product, when 
warmed with acetic acid, yields an oil which was identified as 2,4,2' ,4'- 
tetramethylbenzophenone, CeH., (CH 3 ) 2 .CO.C 0 H 3 (CHb) 2 . 

The action of aluminum chloride and benzene on 51/m-tetrabromo- 

F. Norrii, hid. Eng. Chrm., 1C. IfM flW4)r / Chem Sw Ahn , 126 (1), 381 fl!l24) J F 
Norrm And R. C. Ytiung, J. Am. Chrm. Soc.. 46. 2680-2583 (1924); C. A., 19. 271 

M. GombfTK and 0. W. Voedisch, J. Am. Chism. Soc., 23, 177-178 (1901); /. Chfm. >Sor. Ah» , 
80 (I), 874 (1901). 

‘ ("M. Grmibprg, Brr., 33, 3144-8149 (1900); /. Am. Chfvi. Soc., 22, 752-757 (1900); J. f'/ipm. 

Ab^., n (I), 77 (1001). 

'« N. E. Tousley and M. Gomberg. /. Am, Chem. Sac., 26, 1510-1523 (1904); J. Chrm. Soc. Aho . 
■I (I). 43 (1905). 

i«M. Gomberg and J. D Todd, J. Am. Chrm. Soc., 39, 2892-2896 (1917). 

Biireeken. Rec. trav rhim., 24, 1-5 (1005); J. Chem. Soe. Ab§., 88 (1). 428 (1905). 
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ethane results in the formation of antlirueene.^'^'^ Its formation may ho 
explained by the equation: 



HrCHHr 

f I f 

llrUHHr 


r, 

\/ 


I I T I ^ llIBr 

H 


According to Anschutz, this synthesis of anthracene indicatch that 
the 7?]C.so-carbon atoms in anthracene are probably linked together. The 
reaction was repeated with toluene, tlie three xylenes, and with ethyl- 
benzene in place of benzene.^®** 

Toluene, si/m-tctrabronioethane and aluminum chloride yielded a 
(limethylanthracene, but it was obtained in much smaller quantity than 
was anthracene from benzene. The xylenes also yielded methylated 
iiiithracenes, but in extremely small quantity; no homolog of anthracene 
cnuld be obtained from ethylbenzene. In all these reactions benzene 
liomologs are also produced. These are due to the action of aluminum 
chloride on the initial hydrocarbon, and appear to be independent of the 
iV*/?«-tetrabromoetliane. 

It was later shown that the dimethyl anthracene formed by the 
interactiun of sym-tetrachloroctlmne, aluminum chloride, and toluene con- 
sists of a mixture of dimethylanthracencs, m.p. 240° and 244.5°, respec- 
tively, with traces of /l-mcthylanthracene. The yield of dimethylanthra- 
cenes is more constant, and is increased from 10-20 to 42 per cent of the 
theoretical, if the reacting mixture is shaken during the whole course of 
ilie reaction. 

Lavaux reported that the dimethylanthracenes were the 1,6- and 
2,7- isomers. He explained the formation of these two compounds by 
assuming first the formation of $j/^/^-ditolyldibromoethane, the loss of 
two moles of hydrogen bromide, and the consequent ring closure to the 
1,6-, 2,7-, or 1,8-dimcthylanthraeene derivative. The 1,8- isomer was 
formed in only very small quantities. 

From the products of the action of tetrabromo- or ehloro-ethane bn 
naphthalene in the presence of aluminum chloride, Homer isolated a 
hydrocarbon, C22H14, m.p. 267.5°, which was thought to be 1,2,7,8-di- 
benzounthracenc. 

Pentachloroethanc with benzene and aluminum chloride results in the 
evolution of hydrogen chloride, and the formation of triphenylmethane 
nnd anthracene. When hexachlorocthanc is used, small quantities of 


Kn^biiilier, Jin., 16, 1435-1446 (IBM); J. Chvni. Soc. Ab^., 1132 (1S8S; 
16, 623-824 (1683); J, Chrm. Hoc. Ah^, m 11863). 
iwlr ^nn., 235, 150-228, 200-341 (1680); J. Cfiem. Soc. Abt,., 52, 150 (1867). 

iiH. , ’*®“*‘^* Iniuipnaorflf, liir., 17, 2816-2617 (1864); J. Chein. Sm. M, 260 ( 

I"! A n’ n004) ; J. Chrm. Soc. Ab^.. IB (I), 43 (1005); “ 

■ /. Chm. Soc., 07, 1141-1154 (1010). 


(1885). 
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Vomjft. rend., 146, 185-137 (1008). 



120 


ANHYDROVS ALVMINVM CHLORIDE 


chlorobenzene and anthracene are obtained, besides unaltered benzene 
and hexachloroethane.^^^ 

Unsaturated Unsub&tituted Alkyl Halides and 
Aromatic HYDROcARBONb 

Honohalogenated 

The reaction of monohalogcnated unsaturated aliphatic liydrocarboii'^ 
with benzene leads to the formation of saturated hydrocarbons. 

Vinyl chloride, a catalyst made from aluminum and mercuric chloride, 
and benzene have been found to yield chiefly asymmetrical diphenyl - 
ethane and a small quantity of 9,10-dimethyldihydroanthracene.^®® When 
vinyl chloride gas is passed into a suspension of 50 g of aluminum chlo- 
ride in 300 cc of benzene at 0-5° until 90 g of the gas has been added, 
the main products are asymmetrical diphenylethano and an anthracene- 
type resin; small amounts of 9,10-dimethyl-9,10-dihydroanthracene are 
also formed. Very small amounts of aluminum chloride give small yields 
of the products; however, relatively large amounts cause a diminution 
in the amount of the diphenylethane compound formed. When the reac- 
tion is carried out at 60-70° an increased amount of the anthracene 
derivative is produced. In the presence of a small amount of mercury, 
increased production of ethylbenzene occurs, probably because of h 
reduction of 1-chloro-l-phenylethane, which is considered to be an inter- 
mediate product. Styrene or meta-styrene is not produced during the 
reaction. Styrene polymerizes in the pre^ence ol benzene and alumi- 
num chloride, and could not have been an intermediate in the reaction 
between vinyl chloride and benzene with aluminum chloride. 

The reaction of vinyl bromide with benzene has been shown to pro- 
ceed as follows: To benzene (400-500 g) is added 30 g of aluminum 
chloride; to this is then introduced, with gentle heating, 50 g of vinyl 
bromide. A small amount of styrene, b.p. 143-146°, 13 g of ethylbenzene, 
b.p. 134°, 46 g of a«9t/m-diphenylethanc, and some dimethylanthracenc 
hydride were obtained.^"^^ The formation of ethylbenzene instead of 
styrene is an instance of the nearly general rule that in this reaction, 
instead of the unsaturated, the corresponding saturated aromatic hydro- 
carbon is formed. With regard to the formation of the other two hydro- 
carbons, it appears to be most probable that during the reaction an addi- 
tion of hydrogen bromide to vinyl bromide takes place, with consequent 
formation of ethylidene bromide, which then reacts to give the diphenyl- 
ethane and the anthracene derivative.^^^ 

The reaction of vinyl bromide with benzene was reported to pro- 
ceed differently if 20 g of aluminum chloride is added in small portions, 

Bull HOC chm (S), 19, U4-U6. U7-UB flBM); /. Chem. Soc. Ab» , 79 (I) 4IKI 

( ISOVj 

IMJ BuetwkMi and M C Biuttet. Hir trav r/irm , 32, 184 (1D13). 

M. Davidaon and A. Lowy» J. Am. Chun. 8 m,, 51, 2978-2052 (1929), C. 1 . 23, 5471. 

><«ll AnaehilU, Ann, 239, 821-332 (1586) 

^"•A. Angeblia and R. AniirlilUs, Ber., 11, 167-168 (1884); / Chem Bor. Abe, 753 (1884). 

llannot and J. Uuilbeit, Compt. rend, M, 525 (1884), Ber„ 17, 208 (1884), /, Chem 8oi 
Abim 733 (1884). 
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avoirting strong heating, to a mixtiire consisting of 600 g of vinyl bro- 
mide and 230 g of beiizonr. No hydrogen bromide is given off, and two 
liquid prodiiris are oblained, broniorthylbenzene, (\jHr,.C\H4Br (b.p. 145- 
150'’ /30 mm), and bis-fbromootliyl) benzrne, C/flH4(C'2H4Br)a, (b.p. 200- 
230°/30 mm). Other still higher-boiling brouiinatcd products wx*re also 
formed. 

The action of allyl chloride on benzene in the presence of aluminum 
chloride results in the formation of 1.2-diphenylpropane, b.p. 277-279°.’^*” 
An intermediate formation of (/9-chloropropyl) benzene (C0H5CH2.- 
OHCl.CHg) and subsequent reaction wdth the excess of benzene to form 
the diphenylpropane is ass\iined. By varying conditions, a fraction (b.p. 
130-200°) may be obtained which consists principally of n-propylbcn- 
zene.^®® 

According to Ncnitzcscu and Isaccscu,-®® the formation of 7i-i)ropyl- 
benzenc is due to the use of aluminum chloride w^hich has been “poisoned” 
by addition of water. Here the catalyst is so weakened that it effects 
dehydrogenation of a ^limultaneously formed dihydroanthracene, and a 
subsequent reduction of the primarily formed f^-chloropropyl) benzene 
is thereby obtained: 

2ir 

CJI .ClbCIlCl.CH,, > C0H5.CHXJH.CH. + IICl 

Polyhalogenated 

Condensations of unsaturated polychlorinated aliphatic hydrocarbons 
with aromatic hydrocarbons have not been thoroughly studied. 

In studying the constitution of dibromoethylene, Demole found 
that a solution of his dibromoethylene reacted with benzene and alumi- 
num chloride to give asymmetrical diphcnylethylene, CH2:C(CiiHr,)Ls 
(b.p. 174-176°). He, therefore, ascribed the asymmetrical structure, 
CHuiCBrii, to his dibromoethylene. The formation of asymmetrical 
diphcnylethylene from vinylidene bromide and benzene w^as later con- 
firmed by Anschutz. 

Reaction of tribromoelhylene with benzene and aluminum chloride 
likewise gives asymmetrical diphenylcthylene as the main product. 
Howxver, some triphenylraethane is also obtained. The production of 
the former may be explained by cleavage of bromine from tribromoethyl- 
enc, subsequent addition of hydrogen bromide and reaction of the result- 
ing vinylidene bromide with benzene: 


CHRr 

^Bra 


CH 




".Br 


VU2 

'I 

CDr. 


Clla 


The fonnalion of Iriphenylmethane could not be explained,-®® 


iV,?- SJya, Cowjiie. renrf., S9, SM-SOfl (l§7ll): / Chem. Soc. Aba.. 250 (1880); JahrcabPt. ubir 
370-380 (1870). M. Konowaluw end S. Dobrowolaki, /. /?uaa. rhya. 

"Op R. Zubar, Ann., 218, 374-882 (1888); /. Chem. Soc. Aba.. 077 (1883). 

wi p 5- Nenitawu nnd D. A. laacoRfu. Ber., H, 1100-1103 (1038). 

2245-2247 (1870); /. Chem. Soc. Aba.. 158 (1880). 

““R ' 158-100 (1888). 
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Recently, the reaction of vinyliHene rliloride with nroniiilio liyclro- 
carbona or with their hain^niafed derivadvrs and Rhiniinuni chloride has 
been claimed to result in formation of iTHinous proilurls.-"* Altlioiipli 
some of these appear to be diaryl etliylenc pompounds. others, from their 
molecular weight, arc assumed to be polymers of such compounds. Tlie 
reaction of trichloroethylene with an aroniatie hydrocarbon containing 
nuclearly substituted halogen and aluminum chloride leads to the forma- 
tion of condensation products whicli may be used in the preparation of 
non-inflammable compositions from chlorinated rubber.-**'*^ 

When aluminum chloride is gradually added to a solution of tetra- 
chloroethylene, CCln'.CClz, in benzene, and heated at 70°, anthracene is 
the sole product of the reaction.^**® 

Reaction of Aryl Alkyl Chlorides with Aromatic Hydrocarbons 

The reaction of aryl alkyl chlorides with an aromatic enmpmnid, 
generally proceeds according to the following equation: 

RR'ri 4 HR" ^ RR'R" 4 HC'l 

In the reaction of benzyl chloride with benzene, diphenylmetliatic as 
the chief product, together with a small quantity of anthracene, is 
obtained.^®'^ 

C.HnCIl.(^l -1 C4I« ^ CMl CH. ^ lin 

The action of aluminum chloride on benzyl chloride results in a resi- 
nous, polymeric form of benzyl chloride,-®® This self-condensation indi- 
cates the greater reactivity of benzyl chloride over alkyl halides. In 
studying the mechanism of the reaction between toluene and benzyl 
chloride, Steele assumed the formation of a benzyl cliloj-ide-aluminum 
chloride complex. Tronov and co-workers-^® likewise assume that the 
formation of the complex is the first stage of the reaction between benzyl 
chloride and benzene. Complex formation between the catalyst and the 
benzene ring of benzyl chloride, with a consequent increase in the reactiv- 
ity of the halogen, may explain the much greater reactivity of benzyl 
chloride as compared with ethyl bromide; the activities of the halogen in 
the two compounds are approximately equal, but ethyl bromide is inca- 
pable of complex formation. 

However, Lavaux and Lombard have advanced the following 
mechanism for the reaction: 


RCH/^1 4 AlCb 


R A1CI> ^ CH.Cb 


V. S. P. 2,135,122 (1933) to G. H. Colemui, O. V. Mnorr, anrl G. K, .Stnilloii, Dr»w Plipin- 
ifial Co.) 

^17. S. P. 2,116,270 (1938) to N, RiniiiPlt (to Impmal Chmiiral Iniliuitriah). 

MM A. Mouneyrat, Bvll, »oc. chim. fS), 10, S-tT-SSB (1803) ; J. Chpm. Bor. Ahn., 7i (1), 490 (1800) 
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According to these investigators, the formation of diphcnylmethane and 
of anthracene in the reaction is due to condensation of the dichloro- 
methane with the benzene-aluminum chloride complex. On the other 
hand, such a mechanism does not explain the self-condensation of benzyl 
chloride in the presence of aluminum chloride 


"''j 


Airh 



n 


as it occurs in production of benzyl resins. Or, only two molecules of 
benzyl chloride may react. Thus, Wertyporoch and Famik^“ have 
shown that benzyl chloride with aluminum chloride in nitrobenzene yields 
0 - and p-chloromethyldiphenylmethanes. 

OJivitT differs from both theories, assuming no complex formation 
with cither hydrocarbon or benzyl chloride. He bases his explanation, 
however, on the fact that benzene forms no addition product with alu- 
minum chloride, although the question of aluminum chloride-hydro- 
carbon complexes is still debatable. Olivier states that the formation of 
addition products with aluminum chloride may be considered as a poison- 
ing of the catalyst rather than an explanation of the acceleration of the 
reaction. It was experimentally confirmed by him that benzene, which 
he assumes forms no addition product with aluminum chloride, reacts 
readily with benzyl chloride in the presence of the complex, nitrobenzene- 
aluminum chloride, CuHnNOa-AlCla, giving a 60 per cent yield of 
diphcnylmethane. The nitrobenzene, joined to the aluminum chloride, 
does not react at all, and tlie addition product is a less active catalyst 
for the reaction than is aluminum chloride itself. That there is decreased 
effect is shown by the fact that the amount of non-volatile by-products 
formed is less when the action of the aluminum chloride is moderated 
by nitrobenzene. 

Only very small amounts of the catalyst need to be used in the reac- 
tion between benzyl chloride and benzene.-^^ Two-tenths mole of benzyl 
chloride diluted with 1 mole of benzene is dropped very slowdy into about 
4 moles of benzene in which .02 mole of finely powdered aluminum chlo- 
ride had been suspended, and the temperature is not allowed to exceed 
When half of tlic benzyl chloride has been added, the liquor con- 
taining the aluminum chloride is removed and replaced by 4 moles of 
pure benzene. (This manipulation is ncccssaiy to prevent the diphenyl- 
methane which has been formed from being attacked by the catalyst). 
The remainder of the benzyl chloride is then added as before. The yield 
of the diphenylmethane is brought up to 96 per cent in this way, with a 
ininimum fonnation of anthracene; but the procedure takes about three 
hour.s. 


K. ^fiUpuuH'h uiiJ A. Viiniik, Aun., 491, 2M-2i3 (1931); 
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It is interesting to note in this connection that the reaction of benzyl 
chloride with aromatic hydrocarbons takes place at high temperatures 
without a catalyst, and that the use of aluminum chloride simply x>6r- 
mits the use of lower temperaturcs.^^^ 

The use of aluminum with either hydrogen cliluride or mercuric chlo- 
ride for the synthesis of diphcnylmethane from benzyl chloride and ben- 
zene also has been shown to result in 60-70 per cent yields.^^® A small 
quantity of aluminum shavings is placed in an excess of benzene ; gaseous 
hydrogen chloride is passed in for twenty minutes, and the mixture 
allowed to remain until the metal turns brown and a copious evolution of 
hydrogen begins. The organic halide is then added drop by drop, under 
cooling. Or, instead of passing hydrogen cliloride into the mixture of 
aluminum shavings and benzene, mercuric chloride may be added. Either 
of these methods imparts only moderate activity to the catalyst and 
insures better yields of diphenylmethaiie by reducing possible side 
reactions. 

The activity of mercuric chloride and aluminum is here explained 
by complex- formation with the aromatic hydrocarbon, e.g., 

C.H. + AJ + 2HgCl. > C.H..AlCUHgCl + Hg 

This complex is assumed to act as a catalysl.^’^ 

Friedel^^’ reported that if aluminum chloride is added slowly to a 
mixture of toluene and benzyl chloride, benzyltolucnc is formed: 

CJLCH.C1 -I- CJLCH. ^ C,H.CHa.C„H.CH. 4 HCi 

However, if the benzyl chloride is added to a mixture of toluene and alu- 
minum chloride, a solid hydrocarbon resembling anthracene was obtained. 
This may be caused by a sudden reaction involving cleavage of the alkyl 
groups and addition of the rings present. Later it was found that the 
solid hydrocarbon produced was a mixture of 1,6- and 2,7-dimethyl- 
anthracene, and the formation of benzyltoluene was confirmed.*^** 

Using a substituted benzyl chloride and toluene, the following was 
found to occur: 

CILCJELCH:iCl + C.H.CH. ^ + HCI 

With ditolylmethane, small amounts of the same dimethylanthracenr 
were found to be present. These may be due to a partial splitting up of 
the aromatic chloride with the formation of a complex, R.AICL, and 
liberation of CHaCL, which then reacts with any free hydrocarbon pres- 
ent, or in its absence with the foregoing complex. 

The reaction proceeds by rc]dacemcnt of the chlorine atom of the 

C. D. Nsait/i*Miu, 1). A. Imukhdu, uiiJ C N. louewsu, 411, 210-220 (1031); C. A., 20| 1267. 

KiiiJxiev^uiiuwBki, Ber., 28, 1135-1140 (1806). 

“"J N. JUy. y. Soc., 117, 1335-1330 (1020); C. A.. IS, 1133. 

Fiieilel Bfiil J. M. OBflu. Compt. fend., 84, 1450-1454 (1877); /. Chvm. Sac, Ahn,, 804 (IH77) 
C. Fraedd. Bidl. moc. ehtm., 37 (2), 530 (1882). 
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benzyl ebloride with a eiibstitiiied nr uiiHulistitutcd mono- nr pnlynurlrar 
arnmatic compound.-'** ^y\\h biphenyl, 4-benzylbiphenyl was formed: 

c%Hr.rn_.( I 4 — > cMTi,rFT3r,n,c«H« ^ H('I 

Similarly, l-bonzyluai)hlhiileiic is produced from naphthalene and 2,4,6- 
trimethyldiphenylmetlmne from mesitylene. It is interesting to note 
that the reaction proceeds in the same way with an ether, anisole and 
benzyl chloride yielding p-methoxydiphenylinethane. 

The condensation of benzyl chloride with naphthalene in the presence 
Ilf aluminum chloride has been extensively studied by Dziewonski and 
eo-workers,-'** who have found that mono- and di-substitution results. 

Products of the reaction of aralkyl or cyeloalkyl halides with naph- 
thalene and aluniinuni chloride may be used as plasticizers for vinyl 
resins.*^® 

The length of the side-chain of the aralkyl chloride does not influence 
the course of the reaction, unless the side-chain is long enough to permit 
ring-closure, l-rhloro-2-phenylethane, benzene, and aluminum chloride 
give bibenzyl. 

CdLClhCH^Cl C-H« > C.H5CHiCH.C.Il5 + HCI 

An 85 per cent yield of bibenzyl has been obtained. A study of the reac- 
tion has revealed no intermediate formation of styrene.-^® 

l-Chloro-l-i)henylethane undergoes a similar reaction with benzene, 
the product being a.\vmmetricnl diphenylethane, together with ethylben- 
zene, and 9,10-dihydro-9,10-dimethylanthracene: 


i\U 


rH.C’ii,' 


r.H* 


Intermediate formation of styrene was assumed in these reactions.--^ 
l-Chloro-3-phenylpropane undergoes normal reaction with o-xylene and 
aluminum chloride, giving a 60 per cent yield of phenylxylylpropane, 
C«Hr,.(CH 2)8 CflHjifCH 3 )a. However, with l-phenyl-4-chlorobutane or 
with l-phenyl-5-chloropcntanc, Friedel-Crafts condensation does* not 
occur. Instead, the catalyst effects ring closure of the aralkyl halides, 
yielding tetralin and phenyleyclopenlane, rc.spectively.-^® 

Only small yields of benzyltoluenc have been obtained in the reaction 
of w-methylbenzyl chloride with benzene and aluminum chloride 


CH.C.H.CH,C1 + CuIL 


CHaCJLCHiCJIs 


K 1^' and J. Mnfixnw, BuIL intern nrad. poion. ■rii.. 288-291 (1D28); C A.. 23, 8220. 

6.17 Mosri^, 8 lA*piankpwiCB, and h, Suciicii, BuU. intern. ntnH. po/pn. »rrr. A., 880- 

ri’ii K. nnn.oii.ki .nd 8. Wodol.ki. Rnrmik, C/i-m., 12, 36«-8n ll«2), 

^^•tractM~A^ 880 11082) 

Bnlmh P. 480,5W (lUB) to I. 6. F.ibrainiluiitrir ; T. A.. 32, 6259. 

R. An«ihhUt.,_jlim.. 23L BM-Ul ( 18 M). 

... 

J \(m hiiiuii iiiul I( 


P. Swiff, Ann., 220, 228-288 (1888). 



126 


ANHYDROUS ALUMINUM CHLORIDE 


In a comparisan of tlir reaction of benzyl rbloride and of 7n-c'hloro- 
benzyl chloride on benzene in the presence of aluminum chloride in nitro- 
benzene, it has been found that brnzvl chloride reacts more rapidly than 
the chlorine-substituted compound From this it may be assumed that 
the more negative the chlorine atom of the side chain, the more rapidly 
the reaction proceeds. 

Chlorine-substituted benzyl chlorides have been condensed with vari- 
ous aromatic compounds to give products which have been found useful 
in industry. 3,4-Dichlorobpnzyl chloride with naphthalene gives 3,4-di- 
clilorobenzylnaphthalene, which may be used as plasticizer for vinyl 
resins.-^® Chlorinated benzyl chlorides have been condensed with chloro- 
benzene to yield oils having high dieleetric consstants 

The condensation of m-bis (broinootliyl) benzene with benzene and 
aluminum chloride does not take the expected course- 


CITiBr 
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Instead, tlie main rractiun prniluct is diphenylmethane; and small 
amounts of p-dibenzylbenzene, anthracene, and mixtures of very viscous, 
fluorescent liquids are also produced—® The production of diphenyl- 
methane has been assumed to result from the following series of reactions. 


r.H.'fi + Brj rria (’.h. f('H,Br + r.n,jn 
— ► c’.H, cuj r.ii, + ('.n.nr.Hr 
> 2r,ir. .ni. r.ii. 

The production of p-dibenzylbenzene and of anthracene may be explained 
by the fact that these compounds have been shown to be formed by the 
action of aluminum chloride on diphenylmethane.®-® 

Dihalogeno- Aralkyls 

The reaction of dihalogeno- aralkyls with aromatic compounds in the 
presence of aluminum chloride results in the substitution of both chlorine 
atoms : 

RCHCb + 2R' > RCHR'. 

Linebarger reports that the action of benzene on benzal chloride 
results m the formation of triphenylmethane and diphcnylanthraeene 
dihydride as the principal reaction products. Twenty-five g of aluniinuin 

*"B. C J. Dlivin' and Q Berspr, Abc trav chvm , 45, 71D-721 (IBM); C A , 21, 2557. 

>«BntiBh P 4B0 592 (1238), to I Q Farbemnduiitrip ; C A., 12, 5350 

a^Bntinh P 453 072 <1035) to Bnliah Tlionipnn-Hniiiitnn Co , I td . C. j 4 , 50, 450 Frnioh P 
770,548. (' it . 29, 814 onii IT S P 2,015,502 to Qeoeral Elertric Co.. C. A, 29, 0007. 

Reindsl and F HiPaH, Ber , 50, 15A0-1057 (1023); /. Chrm, Soe. iiOf., 154 (1), 010 (1033). 
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rliluridc wass added to a mixture of 200 g of benzal cliloridc aud 1000 g 
of benzene, and the whole was heated at about 50° for two hours, at 
which time a little less than the theoretical amount of hydrogen chloride 
had been given off. The reaction was completed by boiling for a few 
minutes, and the product was washed with water and fractionated. The 
fraction passing over at 300-360° is chiefly triphenylmethane. The yield 
of the latter is about 30 per cent of the benzal chloride used. Only 
traces of diphenylmethane arc formed if the materials are pure. Boe- 
.^eken^^'^ used 30 g of benzal chloride with benzene and obtained 11 g of 
triphenylchloromethanc, 6 g of triphenylmethane, and 3 g of diphenyl- 
methane. The formation of triphcnylchloromethane may be attributed 
to the intermediate formation of cliphenylchloromethane, which decom- 
poses to give diphenylmethane and dichlorodiphenylmethanc: 


2(raii.) run — > (cjd.c^h. 4- (Uiio^cui. 

The dichlorocliphenylmethane thus formed reacts with another molecule 
nf benzene to form triphenyleliloromethane. Boeseken showed that 25 g 
(^f dichlorodiphenylmethanc combined with benzene to give 10.7 g of tri- 
phenylchloromethane and 7.8 g of diphenylmethane. 

Condensation of benzal chloride with o-xylene and aluminum chloride 
has been shown to proceed with formation of 9,10-diphenyl-2,3,6,7-tetra- 
iiiethylaiithracene, together with much tar.-'^** The reaction was per- 
formed under cooling, using tetrueldoroethane as solvent. 

Styrene dibromitle, CoHBCllBr.CTiMBr, has been reacted with ben 
zenc, using carbon disulfide solvent and aluminum chloride as catalyst. 
Bibciizyl, ni.p. 51°, was obtained; tlic expected tnphenylethane was not 
formed, for the styrene dibromidc had probably lost hydrogen bromide, 
forming jS-broinostyrene, CBHoCHrUHBr; and the latter had reacted to 
give the reduction product, bibenzyl, instead of the expected stilbene.-^^ 
However, from /y-bromostyrene dibromide, CnHsCHBr-CHBri., under 
like conditions, tetraphjcnylethane was obtained, with normal substitution 
of all halogen. Stilbenc dibromide, C6llB.CHBr.CHBr.CBH5, has been 
found to give a quantitative yield of tetraphenylcthane. Tolane dibro- 
midc, CBHB.CfinCBr.CBHB, likewise readily reacts with benzene and 
aluminum chloride to give tetraphcnylethane.^“* 

Benzotrichloride and benzene with metal chlorides has been reported 
lo yield not the expected tetraplienylmethanc according to the equation. 


UH^CCIa + 3C\H« 


ViCdh)* 4 3HC1 


hut only triphenylmethane.^^^ The reaction is here comparable to that of 
carbon tetrachloride with benzene, in which triphenylmethane is formed. 

22. 301-314 (1W3), J. Hum Hue. Aha.. M U), B17; Rec. tmu. 

JIJ r. ^ UW). 

Soe,, au (lint) 

Sk li. i.???’ J- f>iiliiiuuiii, Bu., », 17IN-17III (IRia); J. Chim 

jj« b A* . liWB). 

2*** 204-211 (1W6J. 

O IJQPbnw and G. Magntti, Ber„ 12, 1402-1488 (1878). 
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Condeneation of diphenyldichloromethane with naphthalene and alu- 
minum chloride may proceed with replacement of one chlorine atom to 
give diphenyl-ar-naphthylchloromethane.^^" Or the reaction may proceed 
further with elimination of hydrogen chloride, and the formation of a 
fluorene derivative: 



H y I I 
I T_j I' 

In this way is obtanieil 9-i)lu*nyl-l,2-bpnzofluorene, together \Mtli tin 
isomeric 9-phenyl-3-4-benzofluoTene.*^'^ 

Reaction of Alicyclic Chlorides with Aromatic Hydrocarbons 

Alieyclic chloridcb may be used in the synthesis of hydrocarbon homo- 
logs. The Friedcl and Crafts reaction is just as applicable to the chlo- 
rine compounds of the cyclohexanes as it is to those of the aliphatic 
derivatives.^** The plicnylcyclohexanes so produced have all the proper- 
ties of aromatic compounds with an aliphatic side chain. A 50 per cent 
yield of phenylcyclohexane is secured by reacting cyclohexyl chloride, 
benzene, and aluminum chloride.^®® The pure hydrocarbon Ibp 115®/15 
mm) in 76 per cent yield may be obtained by completing the reaction 
under short heating at 100°.*^^® When toluene is treated with chloro- 
cyclohexane in the presence of ahiminum chloride, there results a mixture 
of isomeric tolylcyclohexanes which cannot be separated by fractional 
distillation.®®® One of these has been isolated as the sodium sulfonate 
A substituted cyclo-compound may be used. For example, chloromethyl- 
cyclohcxane reacts with benzene in the presence of aluminum chloride to 

CHs, , CH . C.H* 

yield 3-phenyl-l-methylcyclolicxanc, 11 C'Hi , a liquid with 

(i’H.c'iL . c:ir. 

an odor resembling that of lemon (b.p 249^^/730 inm). 

M GomberB, Ber., ST. 1037 (1004) 

*"E ClBT, fler. f3. 312-517 (1080); C. A., 24, 8007 

Kuraanoff, /. Hum. Pfivt.’^Chem. Soc,, 38. 1304-1316 (1000), / CVum Sor 92 m 

600 (1007) 

Kumnoff, Afift , 311, 209-320 (1001) 

A. Mayes and E. £. Turner. ). Chwm. Soe., 000-308 (1020) 
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M -Xylene and cyclohexyl bromide condense in the presence of alumi- 
num chloride to yield a dicyclohexyl-m-xylene, CjoHso (m.p. 104°), and 
5-cyclohexyl-m-xylene (b.p. 265-266°/748 mm).-^* 

The alicyclic halides may be caused to react with a chlorinated aro- 
matic hydrocarbon, the substitution occurring in the p-position. By 
slowly adding 62 g of cyclohcxyl chloride to a well-shaken mixture of 
160 g of chlorobenzene and 14 g of aluminum chloride which has not 
been cooled, a 74-g yield of p-cholorophenylcyclohcxane (b.p. 145°/19 
mm) can be obtained.-^- The bromo-compound (b.p. 160°/23 mm) may 
be similarly prepared. 

Cyclopentyl chloride acts as does the cyclohexyl compound. A 43 per 
rent yield of pheiiylcyclopentane (b.p. 217°) from cyclopentyl chloride 
Mild benzene, has been reported.-'*^ Bornyl chloride has been reacted with 
benzene and with toluene. Five g of aluminum cliloride was added to 
172 R (1 mole) of bornyl chloride in 1170 g of benzene. The reaction was 
carried nut at room temperature and at 250-300 mm. The fraction 
b. 117-118° was shown to be bornyl-benzene.-^^ In the action of bornyl 
clilorifio with toluene, a mixture of in- and p-bornyltoluene is obtained 
m good yicld.^"*® 

In the reaction of 2-chloro-l-acetylcyclohexane w'ith benzene and 
aluminum chloride, migration of halogen occurrerl jirelimiiuiry to the con- 
densation, for the product was 4-phenyl-l-acetylcyclohexaiie, instead of 
the exiiecled 2-phenyl isomer The reaction probably occurred accord- 
ing to the scheme: 
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Halogen migration was also found to occur in the condensation of 
1 ,2-dibromo- or -dichloro-cyclohexanc with benzene. Here halogen 
migrated to either the p- or 7n-position, so that the product consisted of 
both p- and m-diphcnylcyclohexane 


( 1 ). 


U77 M. Knppplpr, Bidl, loc. c/iim. (4)^ 35, 88»-IM)e (1934); /. Chm. Sor. 

Sq 'iSr Tuiiier, Ivc. cit. J. H. Hi^mn iinil C. B Mar^rp], /, Am, C/ivm. Soo., 

\i v V. S Marvel anil C’ S Iliim'l IhnI . 62, U50-1.S54 (IMO). 

Jn. N. Tjla. Btr., 64. 183-18H (I«31): Jint ('hew. Ab^frarfs-A. 380 (IMll 

f f’r. 'rtL denvativi'h ol luiiihtiuiU'iiH unit iriinlm, mpp K S l*nkrri\bKaya and H Ya. Buuhchik, 
n t 2201-2301 (1030); (' 1. 34. 5483 

1*. WiPiBohovvMki, Botxmki Chtw . IS, 92-08 (1935). 

•w}' ^*““‘‘'**^* Mil P- UwiDwna, BocmiuU Chnu , 14, 1348-1853 (1034); (7. A„ 29. 6226. 

-«r tV' *^'*“‘**®““ ““rf 1- O. Gavat, Ann., 519, 260-271 (1035). 

^ NanitaeMu ami D. Curcaneanu, Ber., TO, 846-848 (1037). 
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anhydrous aluminum chloride 
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The aluminuin chloride induced iiiipralion of lialngcn reseinhloj? tliat 
noticed in Fncdel-Crafts alkylations of haloRcnated beiizcneb.-^** 

Replacement of Nuclear Halogen 

Although replacement of nuclear halogen in Friedel-Crafts hydro- 
carbon synthesis is not roininon, several instance^ dealing with reaction^ 
of this type have been reported. Since such ronrlensations involve loss 
of halogen from the ring they occur only when the halogen is sufficiently 
labile to permit replaceinent. Halogen migration induced by aluminum 
chloride is discussed in a separate section.* 

It has been shown that aluminum chloride may catalyze the migra- 
tion of a bromine atom from the nucleus of one aromatic conijiound to 
another. Thus tnbroiiiophenol heated wdth benzene and aluminum cldn- 
ride gives broinobenzene and phenol. Under the same conditions tri- 
chlorophenol fails to react.-’’* Here mobility of the bromine is achieved, 
but Fnedel-Crafts condensation does not occur. Chlorine in the nucleu.'- 
is not as easily affected by aluminum chloride as is bromine.-^^ If the 
mobility of the halogen in the nuclea*? is an indication of possible replace- 
ment in Friedcl-Crafts condensation, nuclear bromine should be nioit* 
easily replaced than nuclear chlorine. Recent work dealing with the 
condensation of /i-fluorophcnol with benzene in the presence of aluminum 
chloride indicates that fluorine in the ring is more labile than cithci 
bromine or chlorine. 


FniHli‘1 nnil J. M. Piafti, Ann. c/im. phya. (G), 10, 411-424 (1887); J. Chem. Soc. Abt., 52, 
1101 (1887) 

* Cliiiptcr 15. 

.M. Koliii uml x\. J. MiiIIi’t. Monatah., 30, 407-400 (IBoO). C, A., 4, 300. 

»JM. C’opisaiow and C' N. H Lf>ng, /. Chem, Soc„ 111, 442-447 11021); C. A , 15, 2072. 

«"A. W. Wttton and C. M. Suter, /. Am Chtm. Soc., 61, 2656-2557 (1030). 
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Koplaromciil of halogen in tlio nnrlcns is a function of the individual 
halogen ciuplnyod, o! the nroiiiaiirity of Ihc hydrocarbon which it 
replacpp, and finally of the roin))nunrl with which it rracth. Aa the arn- 
niaticity of the lialogcimtcd hydrocarbon is iiu‘rcascd, the halogen is 
rendered increasingly labile. Hence most instances of replacement of 
nuclear halogen deal with condensations effected with polynuclear com- 
])(mndB. 

Condensation of p-fluorophenol with benzene occurs in presence of 
aluminum chloride. During de-etliylation of p-fluorophenetole, by heat- 
ing with aluminum ehh)rido in benzene solution, the production of a con- 
siderable amount of a phenolie product, lu.p. 153-156°, was noticed.^” 
This same product wa^* also obtained in an attempted dc-ethylation of 
4-fluoro-2-n-amylpheJietole. Later work showed that this compound 
wa.s p-h 3 "droxy biphenyl. The p-flufirojihcnol, produced upon cleavage of 
tlie alkoxy- group, had eondeiihod with the solvent; 


1 y rK'iii ^ 1 OH 4 Airii ^ 

/ \ y — \ 

^ \ 

Till's course of the reaction w’as substantiated by reacting 3 g of p-fluoro- 
phcnol wiWx benzene in the jire^ence of 7 g of aluminum chloride. One g 
of hydroxybiphenyl was obtained. It was thought that the condensa- 
tion may have proceeded through intermediate formation of p-chloro- 
f)benol, but the latter w'as shown to have no activity toward benzene in 
the presence of aluinimirn chloride. A like condensation also did not 
occur with p-fluorophcnol and toluene or chlorobenzene.^*'*'* 

The condensation of 5-l)rniiio-l,2,4-friinrtljoxybenzene in the presence 
of aluminum chloriile to form 2,3,5,2',3',r)'-liexamethoxybiplicnyl indicates 
replacement of nuclear halogen, probably proceded by cleavage and 
niigration of the bromine atom,**'*® 

Another example of replacement of nuclear halogen from the benzene 
ring ift the condensation of bromobenzene with naphthalene in the pres- 
ence of aluininuin chloride t<i give a 20 per cent theoretical yield of 
a-phcnylnaphthalcno.-®*' The reaction w as effected by heating for twelve 
hours at 70-80°. Since reactions of this type arc more cominon with 
halogen derivatives of polynuelear compounds than wdth halogcno-ben- 
zencs, the condensation may have proceeded with intennediate migration 
bromine from the benzene nucleus to that of naphthalene, and subse- 
quent reaction of the lialogenaterl naphthalene with benzene. Another 
explanation of the reaction may bo that the halogenated naphthalene 
'vas formed directly from the biumobeiizene. The action of aluminum 

TOW n' Mii P. G. Smith. /. Am. Chtm. Sor., 61, 161-185 (1BS0). 

TOP no *72-875 (1038). 

/. Chtm. Soc., 63, 1185-1190 (1898). 
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chloride on bromobenzene lias been shown to result in mipiratinn, con- 
densation, and pyrogenic-likr fission of the benzene nucleus, leading to 
the formation of bromonaphthalene.^®^ The production of a-plienyl- 
naphthalene may thus be due to such intermediate formation of bromo- 
naphthalene, and subsequent condensation with the dehalogenated hydro- 
carbon. 

Reaction of halogenatcd naphthalene and benzene proceeds smoothly. 
or-Chloronaphthalene with benzene and aluminum chloride gives a 40 
per cent yield of a-phenylnaphthalene, together with a small amount of 
the isomer. A similar reaction takes place when a-bromonaphthalene 
is substituted for the chloro- compound, but the yield is not so good.*'*'^ 
In condensation of /S-chloro- or ^-broinonajilithalene with benzene in 
the presence of excess of aluminum chloride, the produce i^ a-])henyl- 
naphthalene instead of the p isomer. Here migration of /?-hfilogeii to 
the oc position obviously occurs during the read ion 

It has been found that by adding maleic anlivdride to dirhloroanthra- 
cene, a compound results in which the chlorine atoms have been rendered 
BO mobile that reaction occurs with ahimimim chloride and benzene or 
m-xylene.^““ The addition of maleic anhydride to 9,10-dichlnro-anthra- 
cene results in the formation of endo-9.10-dichlnro-9,10-(a,/?-succinic 
anhydride) anthracene; 

ri (I 

I 1 

^ ^ ^ ( M ro ' CO r'Os 

f I I I ^ ' o ^ I I I I I O 

/ nr cf) ( n co^ 

I ! 

n ( 1 

Upon suspending this compound in benzene and treating with aluminum 
chloride, 9,10-diphenylanthracene, m.p. 248°, is easily obtainctl. Simi- 
larly, using m-xylenc instead of benzene, di-9,10-//i-xylylanthracene, 
m.p. 290°, may be prepared. The presence of the anhydride activates 
the chlorine atoms so that the Friedel-Crafts condensation is possible. 
Since the anhydride addition products are easily decomposed liy heat 
into their components, this provides a good method for the preparation 
of anthracene derivatives. 

Halogenatcd polynuclear hydrocarbons may condense with themselve^' 
under the influence of aluminum ehloride. 9-Broraophenanthrene, in ben- 
zene solution, treated with aluminum chloride at room temperature yiekb 
2,3,10,11-dibenzopcrylene, the condensation occurring with interniedialc 
migration of bromine : 

Copisarow and C N H Long. J Chfm. Soc , 119, 442-447 flB21) 

D. Chattaway, loc cit , c/. Anoatrong and Wynne, Proc. Chrm. Soe., S5 (IMO) 

F. D Uhattaway and W. H. Lewis, /. Chem. Sor , 65, 969-873 (1894) 

Oar, Bar, 64, 2194-2200 (1931). 

•><E. aar, B^r, 65, 840-855 (1932); C A„ 26, 4040 (1992). 
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The rcKCtion resembles the Scholl condensation; hcrC; however, we have 
dehydrolialogenation instead of dehydrogenation. Yields of the dibenzo- 
peryleiic are much h)wcr if tlie preparation is effected by condensation of 
jihenanthrene in the presence of aluminum chloride, and may be increased 
only by conducting the reaction in the presence of also an oxidizing 
agi^nt, such as tin tetrachloride. 

Mono, or di-halogenated chrysenes condense upon treatment with 
aluminum chloride to give dinaphthopcrjdencs.^^'** 

Nuclear halogen may also be rejilaeed m the anthrone series. From 
32 g of 9-bromoanthronc, 16 g oi 9-phenylanthrone has been obtained 
according to the equation 

II Hr 11 iill-i 

r c 

II lit t'.iu I I lit HHr 


o . o 

A considerable ainuuni oi ie-inoiiv piodiicls oblained in the reaction. 
9-Phenyl-9-chloroanthrone or 9,9-dichloroaiithrone yields 9,9-diphenyl- 
aiithrone by condensation with benzene and aluminum chloride.^®^ 

Bromine in the nucleus is more easily replaced than chlorine in alu- 
minum chloride-catalyzed condensations.*’^^'^ In the reaction of 2,3- or 
1,4-dichloro-lO-bromoanthrone with benzene and aluminum chloride, only 
the bromine is replaced, the products being 2,3- or 1,4-dichloro-lO-phenyl- 
anthrone.|^'***'‘ l,5-Dichloro-9-bromoantliroue likewise gives almost a 
quantitative yield of l,5-diehloro-9-phenYlunthronc 

r? n ®*^26,30O (1938) lu II A dIIiiuiiiii ami II BuKit (tw Gciii'ial Aniliiit* 

M A 2031-2642 C1B23). 

ilSUli ^ Uuyut, ( vmtft untf, 121, 1D2 100 (1605); J. C’/iim. Sol. Aba, 6B (1). 671 

r-V. 17. 67/ (1607). 

0i3t/ KoA* Qoori«uy, and T 11 . ha>aK.. Urt , 64. 2lSl 2104 11031) Hiit (Vn»M 

and M. A. MaUUpwa. /iff., 59, 670-679 (1026) 
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According to Barnett and Matthews, the presence of chlorine in the 
nucleus has a stabilizing influence, so that here no resinous products, such 
as those formed with 9-bromuanthrone, are obtained. 

Chlorophenylantlirone has been condensed with anisole and phenetole 
in the presence of aluminum chloride with replacement of chlorine 
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Dyes arc made by heating ehloro- derivatives of benzanthrone with 
aluminum chloride in the presence of an aromatic hydrocarbon or a halo- 
gen derivative as solvent. The jiroducts are dark-colored l)astc.‘^ or pow- 
ders that are soluble in hydrocarbons, fats, oils, and waxes to give yellow, 
red, or brown colorations.^”'® 

Substituted Alkyl IIalioks in Feiedel-Chmts CoNDENSATioNh 

In Friedel-Crafts hydrocarbon synthesis, the hydrocarbon contain- 
ing replaceable halogen is generally referred to as the alkylating agent. 
Condensations in wdiich the alkylating agent contains a halogen sub- 
stituent have already been cited. In reactions with aralkyl halides the 
alkylating agent has an aroiiuitic h^’^drocarbnn residue as a substituent. 
Early investigators readily visualized the application of the Fricdel- 
Crafts reaction to the introduction of aryl groups into various oxygenaterl 
compounds by the condenHation of a halogen derivative of the compound 
with an aromatic hydrocarbon. Similar reactions were anticipated with 
halogen derivatives of compounds of nitrogen, phosphorus, and organo- 
metallic compounds. In many cases results were disappointing. Side 
reactions, due to the action of aluminum chloride on the halogenatc^d 
compound itself, preceded replacement of halogen. Since nuclear halo- 
gen is difficultly displaced, the condensation usually could not be cxtendetl 
to compounds in which the only hiiingen present was in the ring. 

A summary is here given of attempts to use the Friedel-Crafts syn- 
thesis fur replacement of halogen in I he halugeiiatud derivatlV(^s of 

■»»L Trtrv Comitt rmd , 128, 1408-1407 (18W); J. Chem. Sue. Abi,, 76 (I), 81K (IHMO 
P, .'>«1 742 riQ.lB) ti. r fl VDiliniiiuliistiir; <\ A„ 33, 8607. 
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Erttfirfl 

Aridn nnr] lacInnoH 
KrtnncR 
Ktlirrs 
Aldcliydc's 

Nitrogeneous roinpounds 
Compounds of sulfur 

Compounds of sclrnium, phosphonis. arsenir, ami siliron. 
Condensations cited here should normally jimceed: 

RH -1- R'X ► RR' -H HX 

where R is an aromatic hydrocarbon or a derivative thereof and R'X is 
a halogenaled derivative of one of the groups of compounds listed above. 
They are, therefore, closely related to Fricdcl-Crafts hydrocarbon syn- 
theses. Condensations in which the halogenalcd component is an acyl 
halide, 

R + R'coci — > Rpoir -f nci 

arc not includc'd hero. The scope of this n^action has warranted a sepa- 
rate chapter in this book.* 

Reaction of Chloro-Esters with Hydrocarbons 

Although the e.stcr group may he considered to have an inhibiting 
action in the Friedel-Crafts synthesis, the presence of very active groups 
oflen makes reaction possible. Thus brnmo-inetatoluie acid and benzene 
with aluminum chloride givoh m-benzylbenzoic acid; 

J I- — ► I I + JIBr 

r 'r' 

CH2Br CIIsCbIU 

Gentle warming until all hydrogen bromide has been evolved gives a 
M per cent yield, calculated on the toluic acid used before bromination.-®^" 
Under the influence of aluminum chloride, chlommethylene dibenzoate 
condenses with benzene, yielding tlie benzoyl derivative of benzohydrol: 

(aH5COO).CHCl + CbHb > ChH.CC)O.CH(CJLi)i + CO* 

The dibenzoate, (CbH.iCOOImGHCpII.i, is probably formed as inter- 
inediate product, but all efforts to isolate it proved unsuccessful."®^* With 
mesitylcne instead of benzene, 2,4,6-trimethylbeiizaldehyde was obtained, 
t le reaction probably proceeding thus; 

^ * See Chapter 6. 

Sr*’-.'*""' ('*«)■ 

WMiirt ud L. Mlak. Monatih., 35, IM-OTI (ID14); /. Cluim. Sue. Abi., IH (I). 534 (1315). 
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DibenzoatcH of the tyjie R CIIfOOC.Cr^Hn)^ are probably formed as 
intermediate products during the reaction, but again all attempts to iso- 
late them proved unsuccessful. 

In the preparation of benzene homologs by the Fricdel-Crafts reac- 
tion, alkyl halides may be replaced by esters of chlorocarbnnic arid 
Thus, ethyl chlorocarbonate, CICOO CaHr,, and benzene with aluminum 
chloride give ethylbenzene-^®"** A series of alkylations of this nature has 
been studied.®”® losing a mixture of 20 g of benzene, 5 g of methyl ehloro- 
earbonate. and 13 g of aluminum chloride, 2 g of toluene and 1 g of 
m-xylenc were obtained. In the same w'ay p-x>dene and 1,3,4-trimethyl- 
benzene were prepared from toluene. When the ethyl ester was u^ed 
with toluene, p-diethylmcthylbeiizenc was ehic‘fly formed wi.-Xylene 
and the ethyl ester gave 1 .3-dimethyl-5-ethylbcTizene From p-xylene, 
was obtained ethyl-p-xyleiie, an oil boiling 183-1813'’. Cuineiie yielded 
a dimethylcumene, boiling 195-210^. No delinite lompounds could 
be obtained from ethyl rhlororarbomite with lialogrnated aromatic 
hydrocarbons or iiaidithaleue. Better yields wwc obtained using the 
higher homologs of the rhlornrarbonie e'^iers with benzene ainl toluene 
Thus, from benzene and isobutyl chlorocarbonjite a 28 per cent yield of 
dibutylbenzene, together with a 15 jier cent yield of tributylbenzene, w7i^ 
secured. Amyl chlorocarbonate and toluene gave a 30 per cent yield of 
amyltoluene, boiling 205-210'’. The difference in orientation of the enter- 
ing alkyl group obtained by using alkyl chloride and by using chloro- 
carbonic ester is apparent: 


Prpflfo/niwiTi^ SubHitytum 


Methyl ester and benzene 
Ethyl ester and benzrnL’ 
Esters and toluene 
Esters and m-xylene 
Alkyl halide and benzene 
Alkyl halide and toluene 
Alkyl halide and m-xyleno 


m-di-«<ubstituents 

p-di-subfltituents 

p-di-subshtuentfl 

.si/m-tri-Bub«itituenlB 

m- and p-di-substilucnts 

o- and m-rompounds 

a/^i/Tn-compounds 


The condensation of the ethyl ester of trichloroacetic acid with ben- 
zene and aluminum chloride has been reported to take an interesting 
course, with formation of fluorene-9-carboxylic acid.®”® One part of the 
ester of trichloroacetic acid, 10 parts of benzene, and 3 parts of aluminum 
chloride are allowed to stand for tivclve hours at ordinary temperature, 
and then heated on the watcr-balh until evolution of hydrogen chloridt 

H Renntp, J Chem Soc , 41, 83 (18X2) f' Fiiodd Knd J M Cmfti, Ann. chtm phy» 

1, 627 (1884) 

««F. KunckHI niiH G ITIpx, / mkt. Chrm , 84, 518-620 (1012); /. Chem. Soc. Ab»., 104 (I). 2') 
(1018); ; prakt Chtm., 87, 227-286 (1918); C A., 7, 2210 (1018) 

>«M. Delncip, Bull, soc chim, (S), 27, 875-882 (1902); C. Z„ 1002, H, 001. 
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ban ceased. The use of the methyl or etliyl ester, or of the free acid 
yields the same product. When the phenyl ester is used in the reaction, 
anthracene derivatives are formed.^®^ The condensation appeared to be 
a general one for the preparation of Suorene derivatives. The mechanism 
of the reaction has not been explained. 

Steric hindrance makes impossible the esterification of uiesitylene 
carboxylic acid. It has been found that this hindrance makes difficult 
the entrance of an alkylated carboxylic group in place of a nuclear 
liydrogen atom otherwise easily substituted. Thus, mesitylene and 
methyl or ethyl chlorocarbonate in the presence of aluminum chloride 
rlo not condense.-®® On the other hand, the condensation does occur 
with acid chlorides having an ester substituent. Methyl chloroglyoxylate, 
CIOC.COOCHb, and mesitylene condense with aluminum chloride to give 
the methyl ester of mcsitylglyoxylic acid. Chlorinated esters do not 
behave in the same way. The ctliyl ester of chloroacetic acid, ClCHo- 
COOC2Hr,, or of iodopropionic acid, I(Ul2CH2COOC2H5, do not undergo 
the reaction. There is thus made apparent a great difference in the 
reactivity of acid chlorides and alkyl halides on one hand, and halogen- 
ated esters on the other hand. 

AVhen chloromclhyl acetate, CH3(\)UCH2( '1, is reacted with luchity- 
Icne in the presence of aluminum chloride, the carboxyl group docs not 
enter the nucleus. Instead, ilimesitylmetbane is obtained in better yields 
than are secured by condensation of dibronuimethaiic with mesilylene.-"® 

As previously stated, chlorometliylcne dibenxonte, (Callr, (’()()) oCHCl, 
has been heated with benzene and aluminum chloride to give the ben- 
zoate of diphenyl earbinol, C«Il5CUO('H((\jlIrJa- With mesitylene in 
benzene solution, however, chloromcthylenc dibenzoate gives mesityl 
aldehyde, iCH8)8CoH2CHO. The presence of substituents in the benzene 
ring appears to prevent addition of the second molecule of hydrocarbon, 
and to give rise to the aldehyde.^^® Substitution of anisolc for mesitylene 
in the foregoing reaction gave anisaldehyde. 

Halogenated Acids and Lactones 

Halogcnated acids have been reported to condense with aromatic 
hydrocarbons in the presence of aluminum clihiride, with formation of 
luinnal substitution products. However, the catalyst often also causes 
deliydrogciiation and the formation of polynuclear products. The forma- 
tion of fluorene-9-carboxylic acid from trichloroacetic acid and benzene 
willi aluminum chloride is one ease of such abnormal procedurc.-^^ 
^j/i-Dibromobutyric acid with benzene and aluminum chloride gives 
aE,^-diphenylbutyric acid, 


tni,(3HnK;HiiK:j(>on ^ 2c%ii. 

„ , Monatntu, 35, 046 


Cli«CH(C'«U 5 ;(UI(('.H«)COOH + 2IIBr 


w 185-187 (18M); J. Sot, Abt , 68 (I), 370 (1M5). 

H ..1 . — *'5-05? n A Q. J(QD 


-"“F Ml 045-052 C10I4); 

‘’Ml ‘ Beliak, Manatuh.f 3^, 

Al. Di lacte. BulL aoc. cMm. (5), 27. BtT 


C1B14); C. ^ . 9, 590. 
/!.. 35,^ 083-003 (1014) 


C. A., 9, 500 

, 085-071 (1014): C. A., 9. 600. 
(1003). 
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However, 9,10-dihydio-9-methyl-phcnaiilliiciic-10-earboxyhc acid, mp 
127°, IS also formed during the reaction 

Normal condensation products have been obtained from y-chloro- 
butync acid and benzene or toluene, the products being y-phenylbutync 
acid and y-tolylbutync acid, respectively-^^* 

The reaction of 5 2 g of y,8-dibroinovalcric acid with benzene and 
52 g of aluminum chloride at 80° lor two hours gives 42 g of pure 
y,S-diphcn^ Ivaleric acid*^^' 

BitUla THBr VU, CHa COOH -k 2 ('ellB — V 

(^UaClla.ClIfC.Hfi) (lla CH. COOH 4 211 Hr 

Aiomuticully substituted acids ha\e been prepaied fiom chlorolac- 
tones of valeric acid and aromatic hydioraibons Thus S-chloro-y-valern- 
lactone with aluminum chloride and benzene at b0-80° yields S-phenyl- 
valenc acid Imp 57-59“), y,S-diphenvh alenc acid (bp 180-182°/0 1 
mm), anthraceiie-9,10-dil)utMic acid, and some anthi aquinoiie The 
mam product m the reaction is y,S-dii)hen>lvalcric acid, secured in an 
80 per cent yield, based on the lactom used The intermediate forma- 
tion of y-chloro-8-phenylvaleric acid is postulated* 


ClCHa CH CHi CH. 

I I 

O- ( 0 

C bTIb 4 AICIb 


cHi I- AK la f’n, CH cii.cii.co()Ji 

^ I, (1 

c.H, ( iH (*ji(riT,).c()Oii + Jiri 

^ (I’.H. 


The foiination of the polynucleai compounds is due to hydrogenation- 
dehydrogenation leaitionb catalyzed by the aluminum chloride Tlu 
faaine reaction occuib when toluene is substituted for benzene The toM 
lesidue is substituted for the chlorine, and tliere is a complete opening 
of the lactone ring with intermediate foiniatioii of S-/?-toJyl-y-cl)loin- 
valenc acid, (CH 3 C«H 4 ) CHj CHCUIL CHz TOOH From this with 
toluene there is formed as the mam pioducl, y,8-di-p-tolyl-valcrie acid 
111 a yield of 75 per cent -deiiending on the lactone used 

9 r, 2 -Biomophcnylacctic acid and benzene yields a,a-diphenylarctjc 
acid 


C.Hb 

I 

C’HCOOH + C.Ho 

I 

Hr 


V.IU 

I 

CIl C’OOH 4 H 13 i 


1 C’ irifi r ][ WiJdoji, J I'for llffyul Sor N S Hairf, C5, 17E1 IM (1032) C ^ 26, 2n<l 

"•J 1 fykiiiih ifutm Wtfkbiuil 4, 727 71H (1007) J fhrnn 3oi 94 (1) 22 (1 DOM) 

lliyt>i, liu , 70, 1101 1113 (1937) Hr t <htm {httrnttii A, 291 (1937) 
n Bivii, litT 70, IlUl-lllS (1987) But thnn AbttrtuU^A, 291 (1937) 

•««H Hiyir 71 . r . 70. 1482-1491 (1937) r/ W BoihiIm und II Srluuult Btr , 72, IH27-33 (l^l'i 

C A , 26, 710, for rriHld-Crafta rmot with tiicftilmllylyl Lhlonde, illu^tiatinc u msi in wl > 

Ibi* tnetone riiiA i« not brokpu 

-nj F Cykiuna, Chem WeekbUtd, 5, 068-OM (1006) / Chtm 8oe iba 94 (1) 794 (lOOB) 
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The condensation of bromo-w/^tolnir acid and benzene witlj aluminum 
cliloride has been shown to give /a-bcnzylbenzoir acid according lo the 
equation ; 

rooii CMioii 

I I 

Airii ^ 

l /rmm + ^ I, /' r.ur.n, ^ 

Tlie yield of w-benzylbenzoir acid is 50 per cent of llieoretical based on 
the amount of m-toluic acid used (before broinination) 

Halogenated Ketones 

Halogen ated ketones may react with aromatic hydrocarbons with 
replacement of the halogen by phenyl. When eliloroacetophenone is 
heated wuth toluene in the presence of aluminum chloride, methyldeaoxy- 
beiizoin is formed 


c.ni(x)cn,ci + r.n.CH, > c,n.c()cri,c.ii. + iici 

Likewise, phenylacetone has been obtained in a 32 per cent yield from 
benzene and chloroacetone 


(’icn,(X)('H, 1 ('.n. r.H.CH»rorTi, -t nci 

Desyl chloride has been found to react readily with benzene in an 
analogous reaction to give cbphenylaci*to])lienoiie: 


o.T[..co riici.('.H, + c.ii. > c.H..(X) (ufcji.), + lira 

Treatment of 25 g of desyl chloride, in an excess of benzene, with 16 g of 
tilumiuuin chloride yields 23 g of diphenylacetophenone. Substitution 
of toluene for benzene likewise gave a good yield of pbenyl-p-tolylaceto- 
plienone. That these condensations are essentially different from ordi- 
nary Friedel-Crafts acylations is evident from the fact that molecular 
equivalents of the catalyst need not be used. The proportion of the 
catalyst needed, however, is much more than is customarily used in 
alkylations with alkyl halides. 

l,3-Dichloro-2-bcnzoylpropane has been condensed with benzene, with 
formation of a,a-dibcnzylacetoplienone : 


OHaCl 

C.HiCodtt 


+ 2C.H, 


Airii 


/ 

r.u.cocii 4 

\ 


''Ml C wl***^” * 'i'wrv, J. Am. Cfum. Soc.. 62, 

Fuwjn, W. E. li«w, and c. H. AJcKDever, J, A 


2nri 


1622 ( 1640 ). 

Am. €hcm Soc., 60, 2II36-2BS0 (1»3B). 
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The action nf 4,4'-(elil(iroiiicthyl)benzophenone with benzene in the 
presence of aliimuiuin chloride gives a quantitative yield of 4,4'-dibenzyl- 
benzophenone 


(T ru#ri 



-} 2r«H. 


rnjCi 


s ^ C UjCDHa 

/ “ 

o r f 2 Hri 

\ 

\ 

/ VU:in\U 


c-Chloroaniylbenzamide reacts with benzene in tlic presence of alu- 
minum chloride as easily as does amyl chloride. Benzoyl-e-phenylainyl- 
aminc is obtained in 90 per cent yield: 


rjid.ro.NHff'iD.n } r.ii. r,n. ro N]ifrHt).r.H. ^ ikm 

f-Chlorohexylbcnzamide reads analogously.^**^ 

In an investigation of the reversibility of the Fnedel-Crafts conden- 
sation,^**^ it was found that a nuclear halogen is not similarly displaced 
Thus, in the reaction of y3,/3-bisfp-chlorophenyl)propiophenonc with 
benzene and alumiiuiin ehloiide, the halogen is not replaced by phenyl 
Instead, the phenol group disjilaces the entire halophenyl radical* 

(p-rir.H.),cncHiror.Ti. (r,H.ucHCHjCor.n, 

No gas was given off during the reaction; tlie j9,j8-diphpnylpropiophenone 
was obtained in 30 per cent yield. That sueh an exchange is reversible 
was shown by subjecting of-fbenzohydryl)pmaeolone to the action of 
chlorobenzene, aluminum chloride, and hydrogen chloride 

(C.H.iirir(’ir,ror(Cih)> — ^ (p cir.H.i^c iiriijCorrrHi). 

The a-fp,p'-dichlorobenzohydrvl)pinaeo]onp thus obtained may be con- 
verted to a-(ben2ohydryl)pinacoJone by treatment witli benzene, alu- 
minum chloride, and hydrogen chloride: 


(p- nc'.no.cHrH.rorcciT.i,-- '”' t fr.H.U’iirn,cor(CH.). 

This exchange also effected in treatment of p-ehlorobenzal acetone 
with benzene, aluminum chloride, and hydrogen chloride. Here conver- 
sion to benzohydrylaeetone takes place according to the scheme*'*®: 

■** K ComiPifide Bull rlntn Bfilg , 44, 411-iS4 (1935) C A , 30, 1373 
-*•3 \ JiMun, B(r 43, 2837 2852 M01O) T 4 , 4, 488-41)0 

« Blank and R V I iwnn, / Am 8oc , 56, 687-688 (JB34) 

» WimMucIc anil R C Puiwn / tw Chnn Sor , 56, 1241-1242 0334) 

■■C r WtwjdwKrcl, U. T. Borcheidt, and R C. Sii^on, / Am i hfm, 8oc,, 66, 2103-2105 (1384) 
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: mrucH. 


TaVU 4 lin -f AlCia ^ 


C'H(’>laC'C)(’H3 

\ 



ciu’nitC'iiCHj 



Ilalugcnated aDthrones condense with aromatic hydrocarbons or ethers 
in Hie iirosenrc of aluiniiiuiu chloride with replacement of halogen. With 
jiroinatic hydroearbons the condensation proceeds 


II a 

■» y' 


\ ' y' 

\ V/ 


+ CAU 


Airii 


o 


n C'sllr. 

\ / 

( 

r 1 4 


I, 

I) 


IICI 


'rreatiiieni of eliloropheuylanllmmc with aiiLsole and aluminum chloride 
111 eurbou disulfide* solution gives anisylpheny Ian throne: 


n r»,HR 


(’ 

S ' > ^ y 

( I 'l I -t (’ll, .0. (MU 

\ " \ / V ^ 

C 


0 


Ain 


C']]^ • o « C'fliii r'rtUs 
f’ 

I I I I 4 iic:i 

" y ^ V y 

r 

II 

o 


Similar condensation occurs when phcnetolc or dinietliylaniline is substi- 
tuted for anisole in the preceding reaction.-''**' 


Halogenated Ethers 


Replacement of halogen by Friedel-Crafts condensation of chloro- 
ethers with aromatic hydrocarbons docs not proceed readily. Several 
instances cited in the literature illustrate the difficulties encountered in 
this type of reaction. 

Verley has reported that reaction of 1 mole of chloromcthyl ethyl 
c‘tlit*r with 1 mole of benzene in the presence of 1 mole of aluminum chlo- 
ride proceeds with the formation of dipheiiylmcthanc in almost theoretical 
yield. He assumed the intermediate formation of benzyl ethyl ether, 
the ether with hydrogen chloride wilh formation of benzyl 
ehloride, and subsequent fonnation ol diphenylmctliane by reaction of 
le benzyl chloride with benzene: 


1 Vi “ *'**<•■. 123, 2WI-Z842 (1923J, mim* alho wu 

^ ly nui-liar luUuiten. 

•"“A «®»**** '^'1' 128, UOfl-1407 (1680) f /. Chem, Ror. 76 (1), SU 

A- viiiey, 908-914 (1997); C\ X., 1897, 11, 1173 


MLM> ulhO HCCtJOll of til IN billlK 


818 (1899). 
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(1) cic'Hi . o . CaHi cauciu . o . CAU 4 nci 

(2) CbH*CHj . 0 Calls + H('I C.H.C'lIaCl + CaliiOH 

(3) (UIsCHafU + VAU r.H.CHaCslh 4- HCl 

The work was repeated by Huston and Friedemann who were not 
able to confirm the formation of benzyl ethyl etlier during the reaction. 
Although the aluminum chloride was added slowly to a well-cooled mix- 
ture of chloromethyl ethyl ether and benzene, the temperature rose to 
43® during the reaction. The products were diphenyhnethane and anthra- 
cene. These workers suggested that the condensation may })roeeed 
through primary decomposition of the chloromethyl ethyl ether into 
formaldehyde, and subsequent reaction of the formaldehyde with benzene 
to yield diphenylmethanc and anthracene. 

Such an exjilanation, however, brings up a question concerning the 
mechanism of the reaction of formaldehyde with aromatic hydrocarbons. 
Diphen 3 dincthane and anthracene are produced upon treatment of form- 
aldehyde with benzene and aluminum chloride. It has been suggested, 
however, that benzyl chloride, probablj' an intermediate product m this 
formation of diphcnylmethane, ib produced by reaction of dichlorodi- 
methyl ether and benzene.'-**^ 

(Miacn 

+ () — ► 2 

VlhCl 




^(ni2Ci 


IbO 



Since the course of the reaction of formaldehyde with benzene and 
aluminum chloride has not yet been definitely shown,-**- the production 
of diphenylmothane from chloromethyl ethers and benzene cannot be 
ascribed to i)rcliminary decomposition of the halogeuated ether to form- 
aldehyde. 

The rondensation of aromatic lo^'drocarbons with hydrogen chloride 
and formaldehyde in the |)resence of Friedel-Crafts type catalysts is an 
accepted method for the preparation of chloromethyl derivatives.^**® 
Benzene with formaldebj^Ie and hydrogen chloride thus yield benzyl 
chloride.-®* A study of this reaction might elucidate the mechanism of 
Fricdel-Crafts condensati(jns with chloro-ethers. 

According to Sommelct -**'' carbon disulfide solutions of chloromethyl 
methyl ether, chloromethyl ethyl ether, or chloromethyl propyl ether, 
when mixed wdth benzene in the presence of aluminum chloride, at or 

^ R. C Hiisliiii fiitd T. K. Fri('<li'iii:inn J. <.lm. fVirMi. iSor., 38, Z)27-2533 (1818). 

F. TV1. LLlltnHf-linil \nu., 318, IHv 

cf, Ci K FittukXuJLia luiif \ Kukalnur. / Im C/um ,Shi , 37, 231I9-*3401 11 (* Hiislon 

liiiil I). '1' K\uiiir, /. Am Chnn .Six, J7, 2IUI (11)11) 

•^rj li F Fh-nii mill I). K. J. Am. r/nDi. Mui., 60, 170 177 (1II8B). 

maiif', Am hrfumir, 17, 541-642; C. A., 17, 1680; Bull. mk. r/nm., 13, 313-310 (1023) 
HoiuniNf't, r$ifid., 157, 1443-1415 (1018); C. A., 8, 1080. 
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bolmv 0”, form tlio rorrcBpondinf? cUiers to^ictluT witli varyinp; aminmia 
nf l)rnzyl rhloridr, two rnnrurrciit rcartioiiH taking jihicc: 

(1) Cill. + UlCH, .0.11 > C’iH 5 . Oil, . 0 . 11 + HC'J 

(2) 0,H, + R . 0 . CH.C1 — ► CJI,Cll.c:i + ROIl 

In this way a 30 pnr cent yield of benzyl propyl ether from benzene anrl 
rliloroinethyl propyl ether was secured. Addition of a little tin tetra- 
rliloride catalyst causes exclusive formation of benzyl chloride. Benzene 
homologs — toluene, o, m, and p-xylene, me.sitylene, isopropylbenzene, 
and cymene — were shown to react analogously. 

von Braun reacted y-rhloropropyl phenyl ether with an equivalent 
amount by weight of aluminum ehloride in 10 parts of benzene. He 
obtained only a very small yield of y-phenylj^ropyl phenyl ether; vary- 
ing reaction conditions did not imimivc tin* yield. The reaction was 
shown to proceed in like manner with E-chloroamyl phenyl ether; 
t-phenylamyl phenyl ether was sccureil in only a very low yield. The 
niiiin reaction product (0 g from 20 g of the chloro-etherl had the enm- 
posituni llh structure was not detcrminnl. 

Condensation of a,/f-(lichlnroethyl ether, ("lIjC'l CHCl.O.C^lIr,, and 
henzeiK* with aluminum ehloiide has likewise lieen rejmited to jiroeecd in 
cuiniilex fashion. No normal substitution product was isolated; instead, 
(lie miction products consisted of toluene, ethylbenzene, diphenyl- 
methane, bibenzyl, and anthracene.-®’^ 

Treatment of a lialogeiiated trimethoxybenzene with aluminum chlo- 
ride has been shown to result in tlie formation of a biphenyl derivative. 
5-Bronio-l, 2, 4-trimetlioxy benzene treated with an equivalent amount by 
'' eight of aluminum chloride in ether or nitrobenzene solution after 
twenty hours gives 2,3,5,2',3',5'-hexainetlioxybiphenyl -®**: 

ocHa oriia orna oni# 



OCHi OC'Hi 


Cleavage and migration of the Iialogcn must have oceurred during the 
reaction, with Rubsequent condensation of the rearranged halogen com- 
pound with the dehalogenated product. 

Halogen migration has been obscrvetl during the aluminum chloride 
condensation of l-(metlioxyinethyll-2-chlorocyclohexanp and benzene, 
"oh formation of l-(raethoxyinelhyll-4-phenylryclohexane -'*®: 

'n" f™""’ (ino); r. a .. «, 4Sg-490 (HiO). 

■ww n (*). S4. c. Z., 1»B, I, 418. 

■•“c 'n M S'*-' 

■ JJ. NeiutiMeu ud V. Primetiki, Ber., St, Z70e-rB7 CltM). 
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Halogenated Aldehydes 

The courflc of the reaction of halogen-substitutod aldehydes with aro- 
matic hydrocarbons depends upon the reaction conditions employed It 
may proceed as 

fl) A Friedel-Crafts condensation, with replacement of halogen, 

(2) An aldol condensation, with formation of a halogenated alcohol; 

(3) A Baeyer reaction, with formation of halogenated hydrocarbons 

Friedel-Crafts replacement has been reiiorted only by earlier workers 
Only isolated instances of aldol condensations have been cited The 
greater part of the work nhich has been done denis with an investigation 
of Baeyer condensations effected by reaction of trihalogenatcd aldehydes 
with aromatic compounds in the presence of aluminum chloride 

Investigators citing replacement of halogen by reaction of chloral with 
benzene note the formation of sevcnil products. Upon adding aluminiiin 
chloride to chloral with an excess of benzene, ('ombes reported that he 
isolated four substances: 

diphcnylchloral hydrochloride, 
diphenyldichloroethane, 
a solid compound, mp. 83®, 

t etraph eny leth ane. 

Repetition of the work by Biltz led to the production of a heavy oil, 
bi 2 160-166®. He also secured by-products which were not separable by 
fractionation and which could be relnoved entirely from the fraction 
bi 2 160-165®. Biltz varied the method of procedure by adding a solution 
of chloral in benzene to a mixture of aluminum chloride and benzene 
Here he obtained small quantities of tetraphenylethane and some tri- 

A Cambw Campt rnd , N, t7B (1884) 

»"H Blit., Brr, is, 1842-IMO (WM) / flor. Abu, M (1). 718 (1(»8) 
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phenylmethano. After much research, the following was found to be the 
best method of procedure. To a mixture of 1000 g of benzene, 300 g 
of carbon disulfide, and 60 g of chloral heated to 60*^0, was gradually 
added 60 g of aluminum chloride in small portions of 3 to 5 g. After 
adding about a third of the aluminum chloride, the flask was heated 
under reflux for fifteen minutes on the water-bath, whereby strong evo- 
lution of hydrogen chloride began. The remainder of the aluminum 
chloride was added in the period of one hour, and the reaction mixture 
was heated for another hour. The dark brown mass which appeared was 
removed in a separatory funnel and washed. Upon standing overnight, 
about 15 g of yellow crystals, consisting essentially of tetraphenylethane, 
appeared. By fractionation of the mother liquor, there was obtained 
from the fraction b. 200-340° a compound m. 80° which was found to be 
diphenyldichloroethylene ; and from the fraction b. 340-355°, a compound 
m. 136°, identified as triphenylvinyl alcohol. From the fraction b 355- 
400° there was obtained a small amount of a hydrocarbon, m. 232-233 °| 
which was converted by oxidation into a substance which melts at 
166-167°. 

A further investigation^®- of the products of the reaction of benzene 
\\itli chloral showed that the following w^re formed: 

tetraphenylethane, CH.CCoHJa.CIKCoHr,)., m 211°, b. 379-383° 
diphcnyldichloroetliylene, CfCuHrs) ,CCl 2 , m. 80°, b. 336° 
triphenylvinyl alcohol, CCCoTTrd^iCCBHB.OH, m. 136°. 

The mother liquors accumulated during this invest igiit ion ^A^ue found to 
contain 

phenyldichloroethylene 

diphenylmethane 

triphcnylmethane 

The hydrocarbon melting at 232-233° was found to be 9,10-diphenyl- 
phenanthrene,®®® The same compound is obtained by the action of alu- 
minum chloride on a benzene solution of tetraphenylethylene. 

Boeseken ^®^ reported that the action of chloral and aluminum chlo- 
ride on benzene yielded diphenylmethane. In order to elucidate the 
nipchanism of the reaction he investigated the dissociating action of alu- 
minum chloride on chloral. 

An aldol condensation with subsequent cleavage of hydrogen halide 
lias been reported to occur in the condensation of polymeric bromo- 
I'iobutyraldchyde with benzene and aluminum chloride in carbon disulfide 
‘^elution. The cyclic, trimeric bromoisobiityraldehyde thus gave a 70 per 
rent yield of phenyl isopropyl ketone. The condensation was thought 
ii proceed through primary dcpolynierizatinn of tlic aldehyde, and subse- 
addition of benzene with formation of a secondary alcohol: 


(CHO.CBr.CHO + C^Hn > (CH0.CBr.CH(OH).C8Hf, 


Ml 

iin 

U)| 
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This was later assunicd tn crack off IIBr lo pive an unsaturatcd alcohol: 

(CH..).CBr.(:Hf()n) C\Ub ^ K'HO.-C: r(t)H).C.H« 

Roarrangcnu'nt of the luisaturatod ulcolud pave i)lipnylisopropyl ketone: 

(CHs)aC: : (^(011) . C.H. — ► iC\U)iC}\ . C=0 

An 80 per cent yield of trichloromethy'lpheiiyl carbinol, C«Hn.CHOIT.- 
CCI3, m. 37”, was obtained by Dinesiuann when hr treated 1000 p of 
benzene with 200 p of chloral and 40 g of aluminum chloride in the cf)ld 
during a period of three hours. The reaction was expressed as follnw^^: 

CJL + ocH (Cl. cjj.(on)cn ecu 

The aldol condensation thus obtained could not be duplicated by 
Frankforter and Kritchevsky.'^®'*' Using 2 moles of benzone insteail of 
the large excess employed by Dinesniann, and keeping the temperature 
at 0°, they obtained simple condensation instead of the aldol reaction. 
The aluminum chloride served as a dehydrating agent, according to the 
reaction: 


2C•^H^ OCH.CCI, + AkCU (CJIJ«CIICCl3-t ILO 4 AhCU 

By adding 300 g of chloral and 175 g of iiluinimim chloride to 3(K) g 
of toluene, p-ditolyltrichloroethane, (Cn3.Cp,Tl4)2CnC'UI'i, ni.p. 88”, was 
obtained. In preparing this compound, an oil was also secured which 
was found to be p-tolvldichloroacelaldehvde hvdrochloride, riI.*}.CoH4.- 
CCloCHO.HCl. 

By adding 98 g of chloral and 80 g of aluininimi cliloride to 100 g of 
xylene, Frankforter and Kritchevsky ])repared di-m-xylyltrichloroethanc. 
No other substance was formed, the only reaction taking place being one 
of simple condensation. losing the same procedure, eymene was reacted 
with chloral and aluminum chloride, but no definite product could be 
isolated. 

The action of chloral and bromal with polycyclic hydrocarbons and 
aluminum chloride proceeds as it does with benzene homologs, forming 
analogous Baeyer-reaciion condensation produrts.'**®*^ The reaction with 
naphthalene is so energetic that if great care is not observed total 
decomposition occurs. At 0” or below, the condensation is almost quanti- 
tative. Anthracene and phenanthrene react similarly. The product 
obtained in each rase depends on the solvent used. Thus, from anthra- 
cene, chloral, and aluminum chloride the frdlowing products are obtained 
when the indicated solvents arc used: 


Solvent Profluet 

rarbon disulfidr 9,10-aDthraccne-trjchlnrocthanc 

b enzenr 9.1 0-anthraceo n-di ch loroe thy lene 

petroleum ether dianthracene-dichloroethylcne 


»*A. Dinpinnaon. Compt. rend., 141, 201-203 (1005); C. Z., 10OS, 11, 758. 

**"0. B. Frankforter nnil W. Kritclipvakv, /. Am. Chem. Sor., 1511-1540; C. A., 0, 
** 0 B. Frankfurter nnii W. Eritrhpv^kv, /. Am, Chrm, Aec., n, 3115-302 (1015). 
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The condenBation of chloral with alcohol and aluminum chloride has 
been reported to yield a compound having the general physical properties 
nf trichloroacetal. With benzyl alcohol the reaction product was a 
chluro-compound giving the aldehyde reaction, but a substance with a 
constant boiling point could not be isolated. With phenol a compound, 
m. 212“, possibly p-dihydroxydiphenyltrichloroethane, was prepared. 
When resorcinol and chloral in carbon disulfide were treated with alu- 
minum chloride, diresorcyldichloroethylene was the reaction product.*®® 

Aluiiiinmii chloride reacts vigorously at ortlinary temperatures with 
phenol ethers in the presence of chloral and brumal, but if the tempera- 
ture is kei)t below 0“, the reaction gives a quantitative yield of the same 
icindciisation jjroducts as are formed with the use of concentrated sul- 
furic aciil*®^ 

111 an extenaive inveatigutitm of the action of halogen-substituted 
aldeliydcj-, alcoholatea, and acetals on aromatic hydrocarbons and ethers 
m the presence of aluinnuini chloride at 0 , Harris and Frankforter 
foiicluded that condensation proceeded as the Baeyer reaction, and that 
(juantitative yields of condensation products could be obtained. The 
following reactions were studied: chloral with benzene, toluene, anisole, 
lihenetule, eresol methyl ether, and p-cresol ethyl ether; bromal with the 
foregoing aromatic eompoimds; dibroinoacetaldehydc with anisole, phene- 
tolc, p-cresol methyl ether, and p-eresol ethyl ether; bromoacetal with 
aiiibole and phcnotole; and chloral alcoholatc with phenetole. 

The condensation of acids with chloral and aluminum chloride has also 
been studied.'”^ Chloral was found to combine with acetic acid or other 
monobasic acids with the formation of, for instance, Al2Cl(OOCCH8){i- 
CClaC'HO. Benzoic acid was found not to react wilh chloral and alu- 
mmum chloride. 

The condensation (jf benzene with chloral hydrate, CCI3CHO.H2O, 
jn the presence of aluimimm chloride also proceeds with tlie formation 
of halogenated compounds. Triclilorodiphenylethanc, C/Cl3.CH(CeHB)2, 
obtained as one of the products, apjiarently undergoes partial condensa- 
tion, giving a resin. At the same time some of the trichlorodiphcnyl- 
clhaue condenses with more ('oHo to give ]-chlnrO“l,l,2,2-tetraplienyl- 

cthanc.*^^ 

lu order to elucidate the reactions of chloral, bromal, and chloral 
hydrate with certain aromatic compounds, a series of studies on the 
action of paraformaldehyde with aromatic hydrocarbons in the presence 
of aluminum chloride has been undertaken.'*^* The diverse results 
obtained in these investigations, however, do not tend to clarify the 


ti'i mill W. KiiU‘hL*\ ^kv (inij sffi Iiittr, Cimur \iijU Chtrm. (AppfniiiT), 

m ’ **** ^‘****- 

K Hkhih mill (] h. FinnkiuitiM, J O/i f /mn Hut , 4B, 3144-3r»l> \\\m) 

H FiHukruMw un,l \v, KriU'liov Nk^ , J \iii C7iimi aS-»i*., 36, I.IIMSIM (1!MU, C l , B, 3795. 
'*• 'Ml Mfi. Hull. mv. ehm. 28, 310-330 (l!H9); C, A . 16. 2138. 

(J')Hi ' S' H- S*“«kfrirUT And V. Kokntiiui, /. Atfi. Chvm. Sor.. 37, 2399-2401 (1915); 36, 15211-1537 
It. U Huston niid D. T. Ewinu, J. Am. Clum, Soe., 37, 2391-2309, 2401 (1915). 
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mechanism of aluminum chloride-catalyzed condensations witli halogen- 
ated aldehydes.* 

Nitrogenous Halides 

The introduction of aryl groups by the Friedel-Crafts reaction into 
nitrogenous compoimds containing replaceable halogen offers a valuable 
tool for the manufacture of many products of industrial importance. A 
discussion of such reactions with the following nitrogen-containing halides 
is here given: 

Cyanogen halides 

Cyanuric halides 

Halogenated amides and imides 

Diazonium halides 

Halogen salts of amines 

Halogenated nitro- compounds 

Halogenated ring compounds of nitrogen 

Acylations in which the reactive agents arc nitrogenous carboxylic acid 
chlorides or compounds leading to intermediate production of such acid 
chlorides, e.g., cyanates or ipoeyanates wdth hydrogen chloride, are not 
included here.** Gattermann’s aldehyde synthesis, based on the use ol 
hydrogen cyanide and hydrogen chloride, is also reserved for special 
treatment.^ 

Cyanogen Halides. —The reaction of freshly prepared cyanogen halides 
writh aromatic compounds yields the corresponding nitriles: 

CNX + RII ^ RCN + HX 

Unless the cyanogen halide is freshly ])repared or is in the nascent state, 
it reacts in its polymeric form a.s cyunuryl chloride, to give substituted 
cyclic triazines: 

N K 

X \ X 

XV r\ RC C'R 

I II + :mil — ► I II + 3HX 

N N N N 

^ X X 

V c 

I I 

X R 

Early investigators have noted that cyanogen halides act also 
halogenating agents. This is especially noticeable with the iodides, which 
give iodo-compounds almost exclusively 

Scholl and his co-workers®^® reported that cyanogen bromide with 

^^See Chapter 12. 

^*For condeiUBalioiid uf this type* sre Cliaptir 0 
tSre Chapter 10. 

FrifHlfl and J M Cntltn, Ann. r/iim. phy§ (0), I, Sm HMH4). 0. Am Ch*>m. J, 1^* 

a2S.3fi2 (lB07r, C. Z., IW, II, 23 

cf. P. KiuriT, A. lipbfflfton, ami R Zeller, Helv. Chim. Acta, 3, 261-272 (162U). 

Hrholl and W. Norr, Bar., 33, 1062-105B C1900). R. Scholl ontl R. Kaoer, Ber., H, 322-3.11 
(1608). R. Bclioll, Rrr . 36, 10-16 (1903). 
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aromfttic hydrocarbons in the presence of nluminum chloride gives only 
traces of nitriles. With benzene and cyanogen bromide at 50° they 
secured considerable quantities of cyaphenine, probably resulting from 
the action of benzene on cyanuric bromide: 


N 

\ 

Br-T r Br 

I li + sr.H. 

N V 

I 

Hr 


N 

^ \ 

ToTTs -r r r«TTi 

I I! 

S N 

n 


foUi 


Nitriles likewise could not be obtained from toluene, the xylenes, or 
p-rymene. With anisole, however, the product for the most part consisted 
of anisonitrile and p-broraoanisolo. This may be accounted for by the 
Rreater reactivity of anisole over that of the aromatic hydrocarbons. 
Condensation occurred before the cyanogen bromide had polymerized. 

More recently, Karrcr and Zeller found that good yields of nitriles 
may be obtained when aromatic hydrocarbons are mixed with finely pow- 
flercd aluminum chloride and freshly prepared cyanogen bromide and 
subsequently warmed until evolution of halogen bromide censes. Unless 
the cyanogen bromide is freshly prepared, the reaction leads to negative 
results because of polymerization of the halide. Karrer and Zeller 
obtained 10 g of benzonitrile by adding 15 g of cyanogen bromide to 25 g 
of aluminum chloride suspended in 150 cc of benzene. Nitriles were also 
pi’opared from toluene and from anthracene. 

Subsequent investigation”'** of the range of applicability of this 
method showed that the reaction could be used for the synthesis of 
3-cyanoaccnaphthene and cyanothiophene in excellent yiel^, but that 
Ic.s.s satisfactory results are secured with m-methyl-fert-butylbenzene and 
with naphthalene, w^hich yield a mixture of cyano- derivatives. No con- 
densation occurred with acenaphthene, indene, and biphenyl. Best results 
were obtained with phenol ethers, the following nitriles being prepared 
from the corresponding ethers: 


2.4- diinethoxybenzonitrile 
2, 6-dimethoxy benzonitrile 

3. 4- dimethoxy benzonitrile 

2.3.4- trimethoxybcnzonitrile 
4-ethoxyn apht h onitrile 
2-methoxynaphthonitrile 

amounts of hydroxy nitriles were usually formed as by-products in 
the reaction with ethers, due to hydrolysis of the alkoxy- groups by the 


Acta. 2, 482-486 (1919): C. A.. 14, 743. 

IIH fix aSTS'-A Rebmann. and K. Zeller, NtUv. Chim, Acta. 3, 261-272 (1920); J. Chem. Soc. AbE,. 

.iiD pQi. , \^B20), ^ 

430 ** ^ eonrlenwitinn of thioplirne with r^'anogen holirlpn, bw.* W. Steinkopf, 
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ratfllyst. The eondensatinn could not be rfTectctl with bijihenyl and 
anthrai^ol methyl ethers. 

Cyanogen chloride was found lo give llic same products aw the bro- 
mide, and was almost equally reactive. C/yaiiogen iodide, however, was 
found to be less useful. 

Of intere.st in this connection is some early w'ork dealing with the 
production of nitriles by reaction of aluminum chloride and mercury ful- 
minate on aromatic hydrocarbons or phenol ethers. Nascent cyanogen 
chloride produced during the course of the reaction resulted in the pro- 
duction of nitriles in good yield. 

This condensation has been reported by Scholl to proceed with pro- 
duction of either aromatic nitriles or aromatic aldnxiines, depending on 
the purity of the catalyst. Scholl added mercury fulminate to a mixture 
of benzene and aluminum chloride, and assuiniMl that the reaction iu*o- 
ceeded through primary formation oi fulminic acid by the action of 
hydrogen chloride on the fulminate, Mibsequcnt formation of cyanogen 
chloride by the action of the catalyst on fulminic acid, and final conden- 
sation of cyanogen chloride with the hydrocarbon: 

C : NOH c : NH — ► n . P : X —V 

In this way an 80 per cent theoretical yield of benzonitrile was obtained. 
The condensation proceeds even more smoothly with benzene lioraologs. 
If the catalyst is not absolutely anhydrou.s, however, and is not present 
in excess, aldoximcs are formed: 


C.TI, + C : NOIT > C.II., Clf : NOlI 

As aluminum chloride docs not convert bcnzaldoxime into benzonitrile 
either in boiling benzene or carbon disulfide solution, Scholl stated that 
the fonnation of a nitrile in this .synthesis cannot be due merely to the 
dehydrating action of dry aluniinuin chloride on an oxime already formed. 

According to Ncf the action of hydrogen chloride on mercury ful- 
minate and sodium fulminate results in the formation of fonnylchloridc 
oxime; 

H H 

\ 

r : NOlIg + HOI — > (J : NOH + HgOl 

Cl c\ 

Boeseken has suggested that perhaps the condensation of mercury 
fulminate and benzene with aluminum chloride proceeds through primary 
formation of Nef’s oxime, which is easily dehydrated by the action of 
aluminum chloride to cyanogen chloride: 

«»H. Scholl, BfT., 12, 3492-3501 (1990). B. t9ehoIl and W. Norr, loc, at. R. Scholl and F. Kon> 
loo. cit. a. SohoU, Scr., 16, 10-lS (1903). R. Scholl, Chem. Zig,, 24 (1), 15 (1000). 

» J. U. Ncf, Ann,, 280, 3017 (1994). 

^ J. BdmkBD, Rec trav. c/iim., 24, 6-18 (1905). 
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H 

: NOH 



AlCIi ^ 


CICN + lf.O 


The condensation would then proceed normally, with formation of nitrile. 
If the catalyst were not present in sufficient strength to effect dehydra- 
tion of the primarily formed oxime, the reaction would yield tlie aldoximcs 
secured by Scholl; 


c- 


11 


C ; NOH 

/ 


v\ 



Null 


The condensation of polymeric cyanogen halides (cyanuric halides) 
with benzene and aluiniimm chloride to give cyaphenine had been noted 
hy Scholl ainl Norr.^-“ Since then the condensation of cyanuric halides 
with aromatic hydrocarbons has been applied to products of industrial 
iiilercst. Benzoic acid in 83-96 per cent yields is claimed to be formed 
by healing molecular equivalents of benzene, cyanuryl chloride, and alu- 
iiiiiiuiii chloride umler reflux, and subsequently hydrolyzing the cya- 
plieiiinc obtained.^”^ 

The condensation products of a cyanuric halide with one to three 
moles of a polynuclear aromatic compound in the presence of aluminum 
chloride yields dyes which may be used to color solid or liquid hydro- 
carbons. The aromatic component may be idienanlhrenc, chrysene, 
N-cthylcarbazolo, pyrene, or perylene.-*-'* 

Dyestuff intennediates are obtained by condensation of chlorinated 
Iriazincs with a-naiihthol in th(‘ presence of aluminum chloride.'^-'* Cyan- 
uric cldoride with a-iiaphthol yields 2,4,G-tris(4'-hydroxynaphthyl) 1,3,5- 
triaziiie; 


OH 



on 


H 3IIC1 



nu 


1930 \ (1M9) tri G. UurAy iumI 1. V. tiiiin (to Ajiu'iiciin C'>iinamifl To.); C* Z., 

Abatroctn-B. H (1U30). 

(1938) ' (lD3fl) tu A. Ourpinnel (to 1. G. Fuibcniiuliifitiu') ; Brit. Chvin. Ahutracta-At 

liiT^n'n (IBM); Biit. F. 220,802 (1028), Flcnoh P. 8M,04a (1B23) to Boc. (. Clunu. 

mil. in Bwd. C. Z., j®, u, tJo.tbi. 
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Mono- or di-chlorinated triazines may be used. 2-'Phcnylamino-4,6-di- 


chloro-l^,6-triazine (the condensation 
I mole of aniline) and a-naphthol 
hydroxynaphthyl) -l|3,5-triazine : 


Cl 


r OH 





product of cyanuric chloride with 
yields 2-phenylamino-4>6-bis (4'- 


OH 





N N 

|l 1 + 2H('I 

c r^iUBNHj 



OH 


One of two of tlic chlorine alums of cyanuryl chloride may be replarc'd 
by any aliphatic or aromatic group, and the resulting compound con- 
densed with a-naphthol. 

a-Naphihol in the above condensations may be replaced by other 
phenols or by phenol ethers or by a mixture of such constituents •'* 2 ® 

Halogenated Amides and Imides. — Benzairldes with an N-alkyl halide 
substituent easily undergo Friedel-CVnfts reaction, with replacement of 
halogen.®^’ Since saponification of the reaction products yields amines, 
the condensation affords a good metliod for the preparation of aralkyl- 
amines. c-Phenylamylaininc is obtained from N-E-chloroamylbcnzamidr 
and benzene; 


' NH(CHi)|CJ 


CcHi 4- AlCli ^ 



O . NH(CHa) 



■apomli cation 


■> 


NHi(CHi) 



f-Chlorohcxylbenzamide has been similarly condensed. 

Tlic reaction proceeds equally well with toluene or p-xylene instead 
of benzene. N-c-Chloroamylbenzamide is dissolved in 10 times the 
amount by weight of toluene, and treated with an equivalent amount by 
weight of aluminum chloride. The reaction mixture is heated for four 
hours on the water-batli, the solvent removed, and the residue fraction- 
ated to give an oil, b.p. 265-270°. Saponification of this product with 
concentrated hydrochloric arid yields e-p-tulylamylamine: 

"•Gennu P. 433,100 (1020), But. P. 340,371 (1925) to Sue. f. obem. Ind. m Bud; C. Z, 1*2C, 
ll. dll7f 

•Jfj, V Braun. Ber , 43, 3S87-2SS2 (1910); Chapter 0 for reaotion of earbamyl ehloriile (rltloiu 
fiinnaniiilp) and ita dt■ll^aUvM witli arcmiEtic Bompouuda. 
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r.H. . CO . NH(cn.).ni H c,n, rn. 


A in I 


('.H, CO . OH, 

NH,.(CH,)» C.H^.CH, 


PUiiDtuhcalirin ^ 


Cimdon^ation with xylnic fu'ceceds likewise to give a 90 per cent yield 
of the benzoyl derivative of e-p-xylyl-n-amylamine, which is easily 
.sui)nnified to e-ji-xylyl-n-amylainine.®-* 

The o-benzamido derivative of y-phenylpropyl chloride also condenses 
A ery easily with aromatic compounds. Amino-diaryl derivatives of pro- 
luiiie may be obtained areording to the scheme ; 


1 " 1 —V 

rsHaCONll-x ^ 

/'*• 

f , RapniuHf lilion 

/ 

1 

V 


CHa 

CHa . CHa 


»„/) f 1 

I Y 

THa . Clla Clla 

4-B(‘nzoylKiiiin()l>ibeiis!yl, inp. 170-171", is obtained in almost theo- 
lelioal yield by tlic condensation of p-brnzoylaininopbonylothyl ebloride 
^^ith l)enzenp in the presence of aliuiiiniiin chloride. In the roaction of 
p-benzoylarainophenyljmijiyl chloride with benzene and aluminum chlo- 
ride, an oily product is obtained. Upon hydrolysis with hydrochloric acid, 
p-aininodiphcnylpropanc is secured as the main product, together with a 
colorless mobile base, b.p. 95-110°/17 mm, which is probably amino- 
hydrindene, formed by intramolecular ring closure*'**’: 


Ha 


(’.III . (X) . NH . C^H4{ClhhV{ 




\ 


( I / 

CaHa. CO. 

Hi 

Ha 


rna 


nnpnnificfttiim 




Ha 


rhlorides condense with dialkyanilincs in the pres- 
p of aluminum chloride in carbon disulfide wtih replacement of halogen 


'* J v' 'Ij «• MfT-MM (IBT)i C. A., 32, 114S. 

r v! bSS »**«• P*!®*"''', MJJ-nw (mi)! c. a., f. znr 

l>) 77(1 (ImS}""' *■ ‘“d 0. koMUilci, Btr., M, Mll-lSU (f#18): /. 


CAm. Boc. Abt; 1«4 
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to fcive substitution products wliich are easily liydrolyaied to \hv corre 
sponding ketones : 


tMh.CX I rN.C.lb + 

( : N . (’tH.) . UH4 . N . (rH,1i — 

c,H. . 00 . r.ir,N(rii.). 

In this way benzanilidimido chloride was condensed with dimethyl aniline 
to give an 80 per cent yield of diiiieihylaminobenzophenniic. Dietliyl- 
aininobenzophenone was similarly secured in 70 per cent yield. 

The condensation may likewise be effected with yi-broino- or p-nitrn- 
benzanilidimidn chloride. With thew reactants the followiiui ketone^ 
were obtained in the indicated yields: 

4'-nitro-4-dimrthylaininobonzophfnnnc 50% 

4'-nit ro-4-dinlhykiDiiint)ciizo|ihennnr 50% 

4'-broiin>-4-diiiiethjduiniiic)hpnz<ii)hi'iinnr 70% 

The substitution of dry ether for carbon disulfide in the proeesa results 
in smoother reaction'^'*- Using this solvent, ready condensation of ben- 
zanilidimido chloride was secured with dimethyl-n-, -m-, and p-toluidine. 
dicthyl-o-toluiduie, diiiietliyl-af-naphthylanune, benzylmelhylanilnie, and 
benzylethylaniline Upon hydrolysis tlie curn'sjionding ketones \^ere 
secured. 

Staudinger and co-workers attempted the preparation of diketones 
by reaction of diphenylmiido chlorides with aromatic hydrocarbons or 
phenol ethers in the presence of aluminum chloride. Brown, uinorphous 
decomposition products were formed in nearly all condensations tried. 
With the methyl and ethyl ethers of ^-naphthol, however, the correspond- 
ing acenaplithenequinones WTre obtained in 75 and 44 per cent yields, 
respectively, the condensations proceeding: 


I-" 


OCHi 




n (1 

+ O.IT. . N : c'' . C : N . 




I I I 
/ 


onii 


CbHii . n : (' - c : N . r#!U 


n20 


X ..or’Hs 

i ( J 


Q-f c=0 


The condeneatinn of N-lialoaryl derivatives of amino- compounds of 
the benzene series with aromatic hydrocartmns in the presence of alumi- 
num chloride, and subsequent saponification of the products obtained, 


R. C. Shah and J. B. Chaubal, J. Chrm. Boe., 0D (inl). 

"*R. C. Shah and M. B. Ichspora, /. Chrm. Soe., B94-R98 (1935). ^ , 

•"H. StaudniKCT, H. Ooldstein, and E. ^hlmkpTp Jfefv. Chtm. Acta, 4, B42-864 (1921); C- • 
15i 9440. 
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results in the formation of amino-bi])hciiyI derivatives in 70 per cent 
yields.*®^ Migration of halogen is assumed in the reaction of N-chloro- 
acetanilide with benzene: 


n (‘onij 

/ 

N 


Cl 

I 

AIC’Ij N-COClIa 


MCli CnllB 

0 / 


11 COClIa 

na 


1 

N 

N 

1 + iitn 

NH11 Dili llriil lull ^ 


M 


Diazonium Halides. — A study of the Friodel-Crafts reaction of ben- 
zL'iiediazonium chloride witli aromatic hydrocarbons and aluminum chlo- 
ride was made by Mdhlau and Berger, wlio found that with benzene 
the following reactions occurred: 

(1) CMc N.f>l + CfHi. ^ HCl 4 C.Ub.N,.C.Hb 

(2) N*C1 H CbHb > HCl -f Na 4- CbHb CbH. 

U) CbHb.X=.C 1 > Ns 4- C«IT».C1 

In reuetion (1) the chlorine atom of benzenediazonium chloride is sim- 
ply replaced by the phenyl group. A cleavage of nitrogen also occurs, 
liuwevcr, thus giving rise to biphenyl, as in reaction (2). Some of the 
Ijenzenediazonium chloride undergoing cleavage remains as chlorobenzene, 
a.s shown in reaction (3). The two main reaction products are biphenyl 
and chlorobenzene. 

The production of biphenyl here offers a niotliud for the introcluction 
of arumutir groups into the benzene nucleus by using benzenediazonium 
cliloride. Instead of benzene, the reaction was showm to take place also 
with toluene, biphenyl, and naiihthiilene. With toluene, a mixture of 
0 - and p-phenyltolyl was secureil. The use of biphenyl gives p-xenyl 
heiizeiie and an isomer. AVith naphthalene a mixture of a- and /S-phenyl- 
najihthalenc is obtained. In all cases, ehl(»robenzene, from cleavage of 
the benzenediazonium chloride used, w'us obtained as by-product. 

The reaction was also extended to the introduction of heterocyclic 
inigH into the benzene nucleus, the following compounds being obtained 
from benzenediazonium chloride with anhydrous aluminum chloride and 
the indicated reactants; 

Rpactant Prnthirta 

thiuplumu /3-plu'nyllhiophcnc 

pyntliiH* rt- luul 7 -phenvlpyriihiirs 

(luiuoliui‘ /-phriiylipiiiiiilm^ 

\\ (lOM) to U. r Orluittl, Olid K. MnlilooiiUp (In Uonpral Anilinp 

II 'ivi ■. 

and H. Hurgi'r, Jier., 26, 1M4.2004, 1106-1200 (1«M). 
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It has also been shown that /9-naphthalenediasonium chloride reacts as 
does benzenediazonium chloride in the reaction. 

The yields of substituted benzenes in all these cases are necessarily 
small, because of the simultaneous formation of the other products 
already mentioned. In using Mohlau and Berger^s procedure for the 
preparation of methylbiphenyl from benzenediazonium chloride and tolu- 
ene, a 30 per cent yield of the pure product, m. 264°, was secured by 
Knowles.*®* 

An interesting reaction which may be mentioned here is the condensa- 
tion of azobenzene with benzene and other aromatic hydrocarbons in the 
presence of aluminum chloride and hydrogen chloride. With benzene, 
p-aminobiphenyl is fomied in a 70-80 per cent yield. 

^ N ; .N H AU'h 4- HCI ^ 2 ^ ^ Mia 


The reaction proceeds even more readily when the benzene is replaced 
by toluene or xylene.®**^ 

With toluene it is so vigorous that the temperature should not be 
allowed to rise above 10-15°. Here the product consists of a mixture of 
the hydrochlorides of 4'-ainiuo-4-methylbiphcnyl, benzidine, and aniline. 
Naphthalene and azobenzein* undergo a similar reaction.'^ *'^ 

An intermediate forinatioii of azobenzene hydrochloride is absuined in 
the reaction. o-Azotuluenc liydrochlondc has been shown to react simi- 
larly, being transformed by benzene in the presence of alummuiii chloride 
into the hydrochloride of 4-ainmo-3-iucthylbiphenyl. 

Condensation of biphenyl with azobenzene in the presence of hydro- 
gen chloride and aluminum chloride yields p-ammotcrphenyl.**^* Biphenyl 
is dissolved in azobenzene, to which is added gaseous hydrogen chloride. 
Upon the separation of brown crystals of azobenzene chlorohydrate, alu- 
minum chloride is added. The black reaction product is then decomposed 
with ice-hydrochloric acid and the unrcacted biphenyl and azobenzene arc 
separated. Thirty to 40 g of p-aminolcrphenyl arc secured from 100 g of 
biphenyl and 27 g of azobenzene. 

The condensation of azobenzene with phenol in the presence of alu- 
minum chloride has been likewise attempted, but it was found that ziiu* 
chloride was a better catalyst than aluminum chloride for the introdur- 
tion of the p-aminophenyl residue into phenol. With aluminum chloride, 
dehydrogenation of the primarily formed hydrazo-compound was founrl 
to occur.®** 

Halogen Salts of Amines. — ^Aniline salts may be condensed in th^ 
presence of aluminum chloride to diphenylamine. An intermediate for- 
mation of tlic complex, (CoH.'iNHjrDaAl, has been assumed. Aniline, 


rj I. K lr*s, J Am Chem. Aoc.. 43, fiW-MS (IVZl) 

R Ruiiiii I HnU J. Hinapfl, Her., M, 27(M-27S4 (IMO 

H. Puiiii: iitit, J. Rinapfl, K. JBiitiier. »nil K. Sonueamf. 
R PuTJii! lerei and K. Bitintr, Her., 57, 84-88 £1824). 

U. l*uni mr and M. Dally, Rer., 59, 2175-8111 (1886). 


55 , 8086-3104 ( 1922 ). 
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alone, will also undei«go the reaction, but the yields are lower. Accord- 
ing tu Gershzon and co-workers, diphenylamine may be obtained 
in 75 per cent yield by heating a mixture consisting of 93 g of aniline, 93 g 
of aniline hydrochloride, and 30 g of aluminum chloride at the boiling 
point for 36 hours. It was subsequently stated that anhydrous aluminum 
chloride in this reaction cannot be replaced by the chlorides of iron, cop- 
per, or zinc.*^* 

According to Gershzon and co- workers,®^® however, the reaction is 
catalyzed, apart from aluminum chloride, by a number of other sub- 
stances (antimony trichloride, mercuric iodide, cuprous iodide, and 
cuprous chloride) ; but the yields of diphenylamine, and its purity, are 
lower. 

It has been reported tlial by heating hydroxylaminc hydrochloride 
with benzene or toluene in the presence of an excess of aluminum chlo- 
ride, aniline or p-toluidinc may be synthesized in low yields.*^'* The con- 
densation has been assumed by Bdeseken to proceed according to the 
scheme: 

rf 

NH.OU — t’INTI, + IF,0 riNH. + r.ll, — ► C.H.NH, . HCl 

t'l 


Halogenated Nitro- Compounds. — ^Tlic Fricdel-Crafts reaction has 
been little used with halogenated nitro- compounds. Negative results 
have been obtained with nitrosyl chloride and with ehloropicrin. Nitro- 
compounds of the aliphatic series have received little attention until 
recently.*^® Their halogenated derivatives have pronounced halogenating 
and oxidizing tendencies, and it is to be expected that normal Friedel- 
(’rafts reaction would be hindered thereby. Since, in the aromatic series, 
nuclear halogen is replaced in the Fricdel-Crafts reaction only in excep- 
tional instances,* Friedel-Crafts condensation of nitro-halogeno-benzenes 
with replacement of halogen does not occur. Although, in the aralkyl 
series, nitrobenzyl chlorides undergo the reaction smoothly, higher nitro- 
plienylalkyl halides fail to condense. 

An attempt has been made to react nitrosyl chloride with aromatic 
iiydrocarbons to yield nitroso- derivatives which rould then be converted 
In nitro- compounds or ainincs.’’^* It was hoped that the condensation 
Would proceed: 


U'laijl' r ^wJtovBkii, J. Applii^d Ckem. (U.S.S,li.). 9 , 502-304 (m ClBrman 504) 

Ji k'i q »o50. 

'^'0 t fSirf** and E SchapBon, Prom. Org. Chim., 4, 28-80 (1837); Bnt. Chtm. i4b«.-B. 1888, 88. 
' '■ A ^" *””*'* LMtovakil, and E. N. Slmiyifina. Prom. Org. Chun , 4. 553-555 (1837); 

841-841 (1801); /. Chem. Son. Abs., 80 (I), 320 (1801). C. UrMbr, 

m il B 8-18 C1805). 

rl H N Vanderbilt, 

n. 8504. /, Oon, Chem. (V.3.8.R.}, 7, 


M. Sng. Chem., 28, 838-844 (1880). 
1540-1552 (1987); C. Z., 1938, T, 572; C. A., 
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Hll + NOCI UNO -{ IT(.'1 

The reaction was prevriitefl, however, by tlio bmnation of a very stable 
addition product of uluiniiniiu chloride atul iiitrosyl chloride, which at 
room temperature practically docs not react at all with benzene. When 
the addition product was warmed with benzene, hydrogen chloride was 
evolved. Using 1 mole of iiitrosyl chloride and 0.5 mole of aluminum 
chloride, the following products were obtained in the indicated amounts 
by heating for two liours at the following temperatures: 

60 “ 70 * 80 * 

(I) 7 )-Aiiunnhiphi>nyl ... fi K 

(II) Phono], bascb, and resinous prodiioK U g 24 g 58 g 

Using 1 mole each of the reactants, and heating at the boiling point. 20 g 
of p-aminobiphcnyl together .with 60 g of the second product were 
obtained. When 1 mole of nitrosyl chlorifle was heated with aluininnin 
chloride in 3 moles of benzene at 80^ for ten hours, yields of both types 
of products increosefl greatly, 55 g of p-aniinohiphciiyl and 120 g of 
product (II) being obtained. 

The course of the reacticni may he exj)hnni'(l by ])rimary formation of 
a complex, 2AICl:t.3CrtII((.3N(")n, which decomposes into hydrogen chlo- 
ride, nitrosobenzene, and aluminutn chloride, p-Aminobiphenyl is subse- 
quently formed by reaction of the nitrosobenzene with benzene in the 
presence of aluminum chloride. 

The condensation of ehloropicnn, XOiUCl.i, with benzene and alunii- 
nuni chloride yields triphenyl earbinol, triplienylmetliane, and diphenyl- 
methane. Tlip nitro- groups are mainly eonverterl into nitrous acid, only 
a small amount of nitric oxide being fomied. Chlorupicrin reacts in tlie 
same w^ay with phenol to yield aurin, (00^14011100^(^01140). With 
naphthalene it yields trinaphthyl earbinol, (OuJlT^iiOOH, us the main 
product of the reaction.”^® The ehloropierin is obviously decomposed 
during the reaction, so that tlie imidiiets are those wliieli are obtained in 
Friedcl-Crafts reactions with eliloroforui or carbon tetrachloride. 

The reaction of bromonitroinethane with benzene, bromo- and chloro- 
benzene, and anisule in the preseiiee of ahiminum chloride’^-''” leads to tlie 
fonnation of an aromatic nitromothane, or its decomposition product 
and a bromine derivative of the aromatic cfunpunent used in the reaction 

With benzene, phenylnitrometliano and its decomposition product'^, 
benzaldehydc and benzoic acid are formed by normal Friedcl-Crafts con- 
densation. 

C.rJ. + BrCH,NO, C’,.H,CH,NO. + HBr 


The ready decomposition of phenylniiromethanc in the presenre of arid'' 
may explain the fomation of the alilehyde and carboxylic acid. Bromn- 


•"K, Ellw, Bit., If, mf-tlTT (1183); /. Chrm. Soe. Abi., IM (1888). C, FtImW and J. M. 

Ann, (Aim. ri pity. (I), 1, 448.582 (1884). E. Bnadlkar. Bull. .or. ehim. ((), 3, T28.T» d"';' 
C. A„l 2882. K. Klha and O W.ttich, Ber., 18. 847-849 (18851; J. Ohm. Soe. j4b«., 48, 817 (ll*'" 
■•M. L. Bharrill, /. j(m. Chem. Soe., 48, 1718-2718 (1824), C. A., II, 48. 
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nitromethano also reacts as a brominating agent, so that bromobenzene 
is another product* In various runs the total percentages of Friedel- 
Crafts reaction products are 19-45 per cent. Bromobenzene is formed in 
yields of 12-30 per cent. Tlie products formed in the two types of reac- 
tion account for from 40-80 i)er cent of the total bronionitromethane used. 

The reaction of bromobenzene and chlorobenzene with bromonitro- 
iiiethane proceeds in the same way. p-Substituents are obtained. With 
anisole, however, the condensation could not be effected as completely, 
most of the anisule being recovered unchanged. p-Bromoanisole was 
obtained, together with small amounts of anisaldehyde and anisic acid. 

The tendency of bromonitromothanc to act as both alkylating and 
halogcnating agent may be explained on the assumption that it exists in 
two electromeric forms: 


lir.ClLNOa ^=± Br. ClhNO. 


Ill the first case the positive bromine atom acts as a brominating agent; 
in the second case, the negatively eharpetl bromine acts as an alkyl halide. 

o-Nitrobenzyl chloride comlciises readily with benzene in the presence 
ol anhydrous aluminuiii chloride to yield phenyl- (2-nitrophenyl)- 
luetliane : 


^CUiVl 
/ NOj 


^ U 


Al( 1 



+ IK 1 


I |)on gradual addition ol 40 g of ulumiiiuin chloride into a mixture of 
20 g of o-nitrobenzyl chloride, 80 cc of benzene and 100 cc of carbon 
tii&ulfide, heating to the boiling point for two hours, and customary treat- 
ment of the reaction mixture, 18-22 g of the o-nitrodiphcnylmethane is 
obtained.®®^* 

A resinous by-product, consisting of the liydrochlorides of two bases, 
IS also obtained in the reaction.'**^* One of the bases is a yellow com- 
imund, CisHijON, ra. 169", and the other a colorless product, CiaHuN, 
m 83^. The yield of the first base is about 1.2 g from 20 g of o-nitro- 
beiizyl chloride.*®^ 

Bbeseken has reported the formation of a complex of p-nitrobenzyl 
jliloridc with aluminum chloride, which reacts with benzene and its 
hmnologs at 50®, furnishing the corresponding p-nitrodiphenylmcthancs. 
Since this additive product appears to be partuilly dissociated when dis- 
^olved in benzene, he suggests that it is the aluminum chlorhle so liber- 
wliieh brings about the eiitalytie action. The formation of the 


W Stiidul, G Muth, anil K. Moyat, 
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complex may regulate the reaction only insofar as it prevents the destruc- 
tive action of the condensing agent on the product formed. Although the 
yield of the final product is thus increased, the function of the complex 
would thus be that of hindering rather than accelerating the reaction. 
On the basis of condensations effected with p-nitrobenzyl chloride and 
benzene, toluene, or chlorobenzene, Bdeseken assumeA tliat complex for- 
mation occurs not by addition of the aluminum chloride at the chloro- 
inethylene, but probably at the nitro- group, and that the condensation 
may be expressed as 

AlCJ.p-NOa.C.H.CH,Cl + RH > AlCli,.p-NOaC«H..CH..R + HCl 

Such an assumption is made from the fact that whereas complexes in 
which the catalyst is bound in the vicinity of the halogen have an orient- 
ing effect on the resulting substitution, this directive influence is not 
exerted in condensations with p-nitrobcnzyl chloride. Thus, although in 
the condensation of p-nitrobenzyl chloride with benzene, p-nil rodiphcnyl- 
methane alone is formed, with toluene an oily mixture of isomerides i'^ 
obtained, and with chlorobenzene a mixture of p-chloro-p'-nitrodiphenyl- 
methane and o-chloro-p^-nitrodiphenylmcthaiie. Substitution in both the 
ortho- and para- positions is likewise obtained with broiiiobenzene. 

Olivier and Berger also a‘«sume that the catalytic effect of the 
reaction does not i)rocerd through the cliain. These inv(»stigators inaih' 
a thermodynamic study of the contlcnsation of mtrobenzyl chlorides with 
benzene, toluene, or ehlorobenzene anil aliniiimim chloride. In the reac- 
tion of 0 -, m-, and p-nitrobenzyl chloride with benzene in the presence of 
aluminum chloride, the velocity con.stauls arc > 0.025 fur o-, 0.025 lor 
m-, and 0.0046 for p-nitrolienzyl cldoride (in excess benzene, iCAicia = 0.2; 
t=30®). CondenHatiun of p-nitrobcnzyl chloride, in the presence nf 
1 mole of the catalyst, proceeded most rapidly with toluene, more slowly 
with benzene, and most slowly with chlorobenzene. The constants were 
0.0046 for benzene, 0.0105 for toluene, and 0.0008 for chlorobenzene (con- 
centration of aluminum chloride and of nitrobenzyl chloride = .02; 
f=30°). A correlation of these results witli the principle of induced 
alternating polarity in organic compounds and the general and ortho- 
cffect of substituents was perceived; and it appeared that the catalytic 
action of the aluminum chloride did not extend through the carbon chain, 
but that here the catalyst had a direct influence. 

A disagreement with these vic*ws has been expressed by van Duin.'‘ ’’ 
In his opinion, a strong alternating effect, transmitted through the carbon 
chain, is to be expected in the condensation, because of the red coloi’ 
which develops wdieii the reacting components are brought togcthci, 
Olivier’s results ap|)ear to be not more or less negative indications of tin* 
principle of induced alternating polarity, but strongly positive pronl" 

*“S. C. J, Olmur ^nd G. Bercer, Hee. trav. chim., 45, 710-712 (1926); ('. Z., 1924, II, 303 S, 
C. A., 21, 2987. 
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According to Olivier and Berger/**'*^ however, the arguments in favor 
of strong alternating effect, based by van Duin on the development of 
the red color, are not valid because the reactivity of the non-colored sys- 
tem, CflHnCHoOl.AlCla, is greater than that of the colored system, 
rnH 4 .(t^'H 2 Cl)N()is.AlCla. Since the substituent N() 2 AICl 8 or NOa.AlCla- 
('({Un is more negative than the N ()2 group, and since the alternate effect 
in tlic case of the hydrolysis of the substituted benzyl chlorides decreases 
as the negativity of the substituent increases, it is to be exp>ected that in 
the Fricdcl-Crafts reaction with nitrobenzyl chloride a decrease in alter- 
nate effect is indicated. 

p-Nitroi)hcnylcthyl chloride, even after protracted treatment with 
benzene and aluminum chloride, yields oily products which still contain 
elilorine, and from which a chlorine- free nitro- compound cannot be iso- 
lated. p-Nilrophenylpropyl chloride behaves in a similar manner.®*® 

Halogenated Ring Compounds of Nitrogen. — Only isolated instances 
of the application of the Friedel-('i-afts reaction to the introduction of 
aryl groups into heterocyclic compounds of nitrogen have been reported. 

Although indirect methods have been generally used for the preparation 
of aryl-substitutcd ring eompoiinds of nitrogen, Myers and Lindwall*®® 
state that the Friedel-Crafts reaction of N-me1hyl-3,3-dichlorooxindole 
with benzene and aluminum chloride i)roceed.s smoothly. These investi- 
gators added slowly 0.0125 iimle of aluminum chloride to 0.005 mole of 
the hulogenated indole in 20 ec of absolute benzene and then heated the 
reaction mixture for four hours. After removing the solvent and decom- 
posing the catalyst complex, a gummy ma>s resulted, which was extracted 
with dilute methyl aleohol. The extract was derolorized with charcoal. 
Upon cooling, the arylated indole, N-inethyl-3,3-diphenyloxindole, sepa- 
rated as w^hitc needles from methyl aleohol, m.p. 171-171.5°. Normal 
Friedcl-Crafts condensation had occurred: 


nil 


1 11. 


I + 2(',U. illll 

'(’1 



CO 

I 

I 




CdH* 


Celift 


+ 211C1 


X-ethyl-3,3-dichloroindule reacts similarly Previou^y, limgaki had 
likewise prepared 3,3-diphenyloxuidolc from 3,3-diclilorooxindole and 
hcnzcnc in the presence of aluminum chloride. 

The Friedel-Crafts reaction has nUo been used in the condensation of 
lialogcnated quinazolinc and aromatic hydrocarbons or phenols with 
I'pplacenient of lialogen. 2-Chluro<pnnazolinc and benzene yield 2-phenyl- 
'liiinazolirK'. 


• I J Oluu-I mill a. HergiM, Hiv. trav. ihim., 46, tt05-608 (1927 C’. .V , 22, 228. 
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I + C.Da AlCI. 



N 


+ HCl 




-CiHa 


Similar condensation of 4-clkIuro(iuinazoline and a-naphthol gives 4-(4'- 
hydroxy-a-nap}ithyl)-quinazolme, m.p. 230-232°. 2,4-Dichloroquinazo- 
line reacts with replacement of both chlorines. The chloroquinazoline 
may also have a hydroxy- substituent; 2-chlnro-4-hydroxy-quinazoline 
with benzene yields 4-hydjroxy-2-phenylquinazoline, m.p. 235°. The pres- 
ence of a nitro- substituent does not inhibit the reaction when a hydroxy- 
group is also present, for 2-chloro-6-nitro-4-hydroxy-qiiinazoline with 
naphthalene and aluminum chloride gives 6-nitro-4-hydroxy-2-a-naph- 
thylquinazoline.^®- 

A chloro derivative of a pyrimidine compound has been shown to 
undergo normal Friedel-Crafts reaction wtih benzene and aluminum 
bromide, but 4-methyl-2,6-dichloropyridinc failed to reart with benzene 
and aluminum ehloride.^^'-® 

The condensation of cyanuryl chloride, 


N 

y \ 

Ul-C (’-Cl 

I 1 

N N 

\ / 

C 

I 

CJ 


with aromatic compoiuids in the presence oi aluminum chloride is anotlier 
example of halogen replacement in Friedel-Crafts n^actiuii of halogenatcrl 
ring compounds of nitrogen. Since cyanuryl chloride is a polymeric form 
of cyanogen chloride, its reactions liave been cited together with those* 
of cyanogen halides.* 

N-(Chloroalkyl) -cyclic imides may undergo Friedcl-Oafts reaction 
Condensation of N-cliloroiiiethylsuccinimidc with benzene in carbon disul- 
fide in the presence of aluminum chloride proceeds with normal replace- 
ment of halogen to give N-benzylsuccinimide 


CHi . COv 

I >N . CH2CI + C JI, 

CH> . CO^ 


AlCli 

. ► 


Vlh . VO. 

1 >N . VlUVdU 4 llCl 

CH, . (X)^ 


In an attempt to add benzene to p-chlorobenzalquinaldine in the prc^- 
ence of aluminum chloride it was found that condensation proceeded with 
removal of halogen to give a good yield of a-benzohydrylquinaldine.***^ 


Brit. P. 207,170 (1928) to 1. O. Fiirbi*iiuiclu&ti le. Itul. f'fiem. AbMtrartH-'B, 747 (1920). 
Orliiui, J, /Vinrm. Sov. Japan, 80, 1tt4'74 flOlU), f’ A, 34, M4I1 

* Sec pu(?e 148. 

** E. CbsrbiiUai and C. Bulxer, Hilv. Chim. Acta, I, SAT-S71 (1135) ; /, Chtm. Sue. 
O), 1353 (in5). 
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An investigation of the mechanism of ihc reaction®®® showed that the 
removal of chlorine wae not due to [he action of aluminum chloride alone, 
for /j-ohlorobcnzalquinaldinr was uiiafferted by long contact with alumi- 
num chloride. Kcaction uf p- or ni-lmunobcnzalqiiinaldinc with benzene 
and aluminum chloride also gave a-benzohydrylquinaldinc. Since one 
of the reaction products with p-bromobenzalquinaldine was bromoben- 
zene, it was assumed that condensation proceeds by replacement, not of 
the halogen atom, but of the entire halophenyl radical. The formation 
of cK-benzohydrylquinaldine may be explained by reversible condensation 
according to the scheme: 
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In a further study of reversible condensations, p-chlorobenzallepidine 
was subjected tu treatment with benzene in the presence of aluminum 
chloride.®®® a-Benzoliydryllcpidine was obtained. 
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CnHii I- HCI 4 AlCh 




The condensation is similar to the formation of a-benzohydrylquinaldine 
from p-chlorobenzalquinaldino and benzene under like conditions. 

Halogenated Compound^ of Sulfur 

The preparation of diphenyl sulfide from benzene and sulfur dichloride 
in the presence of aluminum chloride resembles a Friedel-Crafts alkyla- 
tion with dihalogenated paraffins; hero sulfur is substituted for the alkyl 
residue in the typical equation: 


2 C.H, + XHX > CAJl-OH. + 2 HX 

2 C.H- + risc:i ^ I 2 HC 1 


’"■R. C. 
0 

UMBh c 


Yurnm, A. P. Koiarik, anil J. T. Katon, /, Am. Chem. Soc.. 55, 5795-3503 (1933). 
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When beneene is treated with sulfur diohloride in the presence of alumi- 
num chloride at 0°, diphenyl sulfide is almost the sole product; but at 
60° there are also produced ehlombenzene and fhianthrene, the formation 
of these being due to the deemupositinn of the sulfur dichloridc into the 
monochloride and chlorine, wdiich then attack the benzene.^*'' 

The condensation of sulfur dichloride with benzene and aluminum 
chloride under certain conditions affords an excellent method for the 
preparation of thianthrene. Slow addition of a benzene solution of sulfur 
dichloride to a cooled solution of aluminum chloride, followed by gentle 
heating at 40-45°, has been reported to give a good yield of thian- 
threne: 


C \ C18C1 

/ ^ risn 


+ 




11 11 + 4Tin 

s 


Another method coiKsibts in adding KK) g of aiuininuin chloride to 
500 g of benzene, cooling to 0'^, and then running in a solution of 200 g of 
sulfur dichloride in benzene. The reaction mixture is allowed to remain 
at ordinary temperature for five hours, and is subsequently boiled for 
two or three hours. Before isolation of the produrt, the reaction mixture 
is allowed to remain at ordinary temp(»rature for fifteen hours. The yield 
of pure thianthrene is 136 g.**®® 

Toluene with sulfur dichloride similarly yields ditolylene disulfide.’®^ 
Sulfur monochluridc with benzene in the presence of aluminum chlo- 
ride yields diphenyl sulfide,®®’ according to the equation; 


SaCh + 2CaHa 4- Aid, > (CaHr)/? MCI M R + 2HCI 

Diphenyl disulfide is always formed, either directly or by tlie action of 
sulfur on the diphenyl sulfide first formed. Other reaetions taking yilace 
are those involving the fonnation of thianthrene, and of thiophenol 


(C.H»)A+ S > HJS f 

C.H. + S > 


Diphenyl sulfide has been prepared in 81-83 per cent yields by treating a 
mixture of 3.48 moles of aluminum chloride in 11 moles of dry benzene 
with a solution consisting of 3 moles of commercial sulfur chloride in 
6 moles of benzene at about 10 '' during a period of one hour.®’' 

Toluene with sulfur chloride and aluminum chloride yields 4,4'-di- 
methyldiphenyl sulfide, together with other products produced by secon- 


Mv J, BdeMken. Rec. tmv. ehm, 24, 309-232 (IWfi), J. Chrm. Sor. Aba., U (I), 588 (1906). rf 
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»»F. Kraflt and R. E. Lyons, Bir , 2f, 4»^ (1390) • /. Chetn Sor. Aht., 70, 297 (1806) 
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dary condeBsationa of the primarily formed materials, as in the case of 
the like reaction with benzene.^*'" Studies on the course of the reaction 
show that toluene and ditolyl sulfide are more easily attacked by sulfur 
than is benzene. 

The action of sulfur chloride on chlorobenzene in the presence of alu- 
minum chloride gives 4,4'-dichlorodiphcnyl sulfide as the main prod- 
uct.^'^^ In this reaction, the chlorobenzene is not at all attacked by the 
sulfur freed during the condensation. 

Products obtained by the condensation of sulfur chloride with aro- 
matic hydrocarbons, for example benzene, toluene, and xylene, or their 
halogenatcd derivatives, in the presence of aluminum chloride, have been 
claimed for use in the preparation of flotation agents.'**'^^ 

An attempt was made to prepare nitrothianthrene by reaction of 
nitrobenzene with sulfur chloride and aluminum chloride, but the con- 
densation did not take the expected courbc. Only a black, carbonaceous 
material was obtained from which no characteristic compounds could be 
isolated.®^® 

Friedel-Crafts reaction of sulfur chloride with a dibenzanthrone or 
Lsodibcnzaiithrone at ICW in the })rpscnrc of aluminum chloride may be 
used for the preparation of blue vat dyes.-^"^ 

Substituted sulfur chlorides may unrlergo the Friedel-Crafts reaction 
with simi)lo displacement of halogen. Thus thiophosgcnc with benzene 
and aluminum chloride yields Ihiobeiizophenone 

2C.H. 4 ( 3 SC 1 . (r.u,).rs + 211C1 

Benzene and trirhloroinethylsulfur chloride, CI 3 C.SCI, in the presence 
of aliiminum chloride, yield thioheiizophcnone, CcHs-CS.CflHo. Tri- 
plienylineihylsulfur ehlorifle, (C,jlIr.);iC.SCl, similarly gives thiobenzo- 
plienone, but in lower yield Tlie reaction obviously jiroceeds through 
the intermediate formation of thiophosgeiic. In the condensation of tri- 
phcnylinethylsulfur ehloride, liic main reaction products arc triphenyl- 
methyl carbinol and hydrogen sulfide.-'’^ Of interest in this connection 

the report that triehloroinetliylsulfonyl chloride, CI 3 CSO 2 CI, likewise 
yields triphenyl carbinol when treated with benzene and aluminum 
chloride.®’^® 

Reaction of 1-anthraquinonyl sulfur chloride with benzene and alumi- 
mnn chloride proceeds smoothly, yielding 1-anthraquinonyl phenyl sul- 


S P. 1,875,062 (1032) \u 11. A. Luba, A. L. Fnx, and C. C. Smith (to K. 1. du Font). 

‘■'K K„h 8, iJuwBrtation. Marburg, 1013. 

I 7 D <1080) Ui T. Q. Foibeniuilutiliie; /liit. Chmi. 476 (1081), 

^ H UiMgreeii. Btr., 21, 337-352 (1BB8). 

‘ O. Vojliiaili., 12 52, 413-423 (\m). 

UiaoerUtton. Halle (Snale) (1016). 

^ y. ButU-gay and W. Kein. BvU. moc. efum, (4). 41, 31-47 (1927), c;. A., 21, 1626. 

Fries end Q. Sohunnumi, Bar., 52, 2170-2181 (1010) ; J. Chem. Soc. Aba., lU (I). 166 (1020). 
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Condensation of 2-anthrBquinonyl sulfur chloride with aromatic hydro- 
carbons proceeds similarly, with formation of 2-anthraquinonyl aryl sul- 
fides.*8« 

The condensation has been successfully applied to the preparation of 
tri-aryl sulfonium salts and to those containing cyclic aryl sulfides.®'*' 
Reaction of bis- (p-bromophenylj sulfonium dichloride and benzene pro- 
ceeds with formation of phcnyl-bis-(p-bromophenyl) sulfonium chloride 
in a 36.6 per cent yield I based on the dibromodiphenyl sulfide used pre- 
vious to conversion to dichloride). The condensation proceeded according 
to the scheme: 


(/^-BrC.H4)»SCI, + r.H. — fp-UrC',H4),-S C.H. 4 


Reaction of 5,5-dichlorothianthrcnc with benzene took a similar courecp 
with replacement of one halogen to give 5-phcnyl-5-chlorothiantlirene: 


s s 



/\ 

ri (1 Cl CtH» 


5-Phenetyl-5-chlorothianthrcne is obtained when phenetole is substituted 
for benzene in the foregoing reaction. 

Friedel-Crafts condensation, with replacement of halogen, docs not 
occur with halogeno-alkyl esters of sulfonic acid ami aromatic hydro- 
carbons in the presence of aluminum chloride. Instead, cleavage of the 
sulfonate results, with subsequent condc^nsation of aromatic hydrocarbon 
with the alkyl residue. Thus /a-chlorocthyltolucne-p-sulfonate gives a 
good yield of bibenzyl when treated with benzene and aluminum chlo- 
ride 


C IhC.U4S0.ClU'lIi('l + C.H.CH. . nil . f'.H. 

Alkyl esters of chlorosulfonic acid cannot be used for the preparation 
of alkylbenzenesulfonatcB by the Friedel-Crafts reaction. Butyl chloro- 
Bulfonate and rt-butyl chlorusulfitc with benzene and aluminum chloride 
yield mainly butyl benzenes.-'*'"' 


•"K Flip., flpr, 45, -mi-iUTJ (1912) 

(j Uiiiifflifilv and V 1>. IJujjiuitMitl, / Am rVif>m. Sot , 80-81 (1080; 

^C. Jl. Uleino uucl K Wallijn, J. Chtm. Sm., 723-720 (1028). 

Ml C. UurkmbuB, R. L. Uopki^, nod J. F. J, Am. (Jhem. Soc., 01, 2482-2453 (1030). 
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Halogenated Compounds of Selenium 

Thr intomrMon of solrniuin trlnirhloridr with lu'nzenr in thr presence 
of aluniiiinni chloride Iwis hern the subject of several polemical papers. 
ConIraiUctory resiilts were obtaiiieil by early investigators.'**^* Later 
worker** showed that the products of the reaction from 50 g of selenium 
tetrachloride were: 

(a) chlorobenzene (1 g) 
fb) diphenyl selenide (20 g) 

(r) diphenyl diselenide (5 g) 

(d) triphenyl selenonium chloride 

The following equations were proposed to explain the formation of these 
products: 

Ki-n. f 3C.II. (C.H.).Spn + 3irci 

(r.H.).ScC'l + C.II.C1 

The triphenyl selenonium chloride w'as isolated as its zinc chloride addi- 
tion compound (20 g) . 

Because the reuetion of selenium tetrachloride with benzene and alu- 
iiuiuiin chloride forms so many cumpountls, it has been thought best, for 
tlie jireparation of aromatic selenonium salts, to use a compound in which 
^oinc of the halogen atoms of selenium tetrachloride were already replaced 
by organic groujis. Condensation of diphenyl selenium diehloride with 
benzene and aluminum chloride was accordingly effected, giving a 66-67 
l)iT rent yield of triphcnyl selenonium chloride''***®: 

(C.ii.),SpCh + r.H. (c:.ii.).sr('i + iici 

Diphenyl-p-tolylselenonium chloride results similarly from diphenyl 
selenium diehloride and toluene with aluminum rhloride. Under like con- 
ditions, bis- (p-tolyl) selenium diehloride and toluene yields tris-p-tolyl- 
selenonium chloride,®®*^ 

Reactions involving acylation * with selenium compounds are dis- 
cussed elsewhere in this book. 


Halogenated Compounds of Phosphorus 

Tlie reaction of phosphorus trichloride with many aromatic compounds 


C-haluie Bull. hoc. chfm (1), SK 133-187 (1888); (5), 2, 7M (188»); (S), 11, 10B0;10a8 (IBM); 

dh,m. aoc. Abt.. 56, 41 (1883) F. Krafft ami W. Worstaf, 
X It *8*8-2822 (1833). F. Kralft ami 11 E. Lyonfl, Brr., 27, 1781-1768 (1894). F. Kralft and 
^ ' 823-433 (1890). 

1 S******* J- F. Oroen. Pror Ind. Acad. Sn., 41, 227-238 (1331) W. E. Bradt and 

(jJJv Crijwell, /bid., 41, 216-223 (1331). W. E. Bradt and J. F. Qriwn, J Org. Chem., 1, 340-43 


J Sywf/ipai«. II, 80-82 (1B3B); H M. Lanwiter and P. W. Bercatrom, 

*887-3331 (1023). 

H M T^icCTtpr and F. W. BerttBtrDin, /. Am. Chem. 3oc., 54, 4428-4438 (1381); C. d,, 26, 489, 

oi'p pages 209 and 393. 
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in the prcsonco of ahiniiniiin chloride has been studied by Miehuelifl.*’’*** 
Chlnrophospliiiirs of ilir arninatic series arc obtained: 


y + PCI 

The reaction proceeds very slowly with benzene, but much more readily 
with substituted benzenes, giving very good yields in some cases. Chloro- 
phosphines of toluene, the xylenes, ethylbenzene, and pseudocumene are 
easily obtained by this method. The reaction proceeds somewhat more 
diflBcultly with mesitylene, cumene, cymene, bibenzyl, l)iphenyl, and 
diphenylmethane. Good results are obtained with tertiary amines, anisole, 
phenetolc, and chloro- or bromobenzone. However, the chlorophosphine 
residue could not be introduced into iodobenzene, benzonitrile, benzo- 
phenone, and ethyl benzoate; it was introduced, but with great difficulty, 
into chloro- and bronio-toluene. 

The following procedure was generally used: 150 g of the hydrocarbon 
was mixed with 200 g of phosphorus trichloride and 30 g of aluminum 
chloride. The W"tH)le mass was heated for 30 hours under reflux, at first 
gently and then vigorously. The addithni of aluminum chloride, together 
with heating, resiilts in a weak but gradual evolution of hydrogen ehlo- 
ride which is completely driven off at the conclusion of the reflux period 
The material sei)arates into two layers, Ihe lower being thick and brown 
colored while the upper is very fluirl and almost colorless. 

The mass is shaken repeatedly with dry petroleum ether boiling under 
100® imtil the residue becomes an almost solid brown mass, from wdiich 
the petroleum ether solution readily separates. In this solution are found 
the chloropho.sphinc and a considerable amount of aluminum chloride; 
unless the latter is removed, decomposition of the greater part of the 
product will occur during the subsequent distillation. To tliis end the 
ether solution is allowed to stand twelve hours in a loosely corked flask, 
during which time some brown viscous liquid separates. This contains 
all the aluminum chloride. The puriflod solution is then distilled on a 
water-bath to remove the solvent and any phosphorus trichloride; then if 
is heated to 140-150®. As a precaution the flask is allowed to cool, and a 
small portion is diluted with dry petroleum ether. Clouding of the solu- 
tion indicatoB that all the aluminum chloride has not been removed. 
Accordingly, the whole mass must be retreated with petroleum ether a*^ 
before and redistilled. The residue obtained at 150® is fractionated in a 
stream of carbon dioxide. 

The yield of chlorophosphine is, of course, dependent on the nature of 
the hydrocarbon involved and the procedure must be modified when the 
boiling range of the chlorophosphine produced demands it. With toluene, 
m- or p-xylene, and ethylbenzene, the yield amounts to 26-30 per cent 

«”A. Am., 39S, lOS-SU (IIM); Ant*., ZM, UM (IBM); Ann., 315. 48-109 (1001); 

12, 1000 (1078); A. Michaelia and C. Panek, Bn., 13, 053-034 (1880); Ann., 212, 200-8M (IBM). 
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Mefiitylenei however, only gives 3 to 5 per cent based on hydrocarbon 
used. This is believed to be due to the poor quality of the aluminum 
chloride. 

In the production of anisyl- and phenctylchlorophosphines it is necea 
aary to use aluminum chloride containing the oxychloride, since pure alu- 
minum chloride causes cleavage of the alkoxy- groups, with resultant 
formation of phenyl-o-chlorophosphine. 

The following chlorophoaphincs were prepared: 


ChlorophrNipliiiie 


b.p. ("C.) 

Phenyl 

Caiupcn, 

PCI. 

/ 

224 

p-Mouocblorophrnyl 

Call; 

\ 

Cl 

PCI. 

PCI. 

254 

p -Monobrnniopheuy 

272 

7>~Am«yl 

CiU/ 

\ 

ocn. 

p(’i. 

/ 

250 

p- Pheiiety] 

iWU 

V 

"oc.u. 

PC’l. 

/ 

2r>o 

Tolyl 

C.ll/ 

\ 

ViU 


para- 


245 

meto- 


235 

oriho- 

VVh 

CJl.^ 

\ 

(CIl,), 

244 

Xylyl 


3,4- 


257 

2,4 

PCI. 

\ 

r.H. 

PCI. 

254 

p-Etliylbeozeiie 

251 

I'wudocuniyl 

/ 

r.n. 

279 

[2,4,6] 

'■(CH.), 
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Chlurophosphiiio 

PCIa 

^(ClUh 

PCU 

cm/ 

\ 

CAU 

PCU 

b.p. I'C.) 

Mesityl 

274 

Cumyl 

209 

Cyifjyl 

C.II." -Clli 

. \ 

Callr 

PC"U 

\ 

cm.. c.Hb 

PCU 

CAl/ 

\ 

(Ml. . ‘.Mb 

•J70 

Diphenyl methuni* 

221 (20 mm) 

Ui benzyl 

2.)U ftiO mm) 


The purity of the product which Micliaelw obtained from aniboh* has 
been questioned by Kamai who has suggefeted that the p-inethoxy- 
diphenylchlorophobphiiie of Michaelia was really contaminated with ani- 
sole, the boiling point of the pure product being found by Kanmi to be 
140-140.5711 mm. 

The reaction has also been apiilicd to diphenyl clher, for the forma- 
tion of p-phonoxyphcnyldichloropho>phine '****^: 



2VV[i Airii , CUP 


o- 


r(u f 2HCI 


Tetrahydronaphthalcne or decahydronaphthalene have been claimed to 
undergo like condensation.^^^ 

Lindner and his co-workers have prepared a number of aromatic halo- 
gen phosphines and have investigated their suitability for volumetric 
determination of water. A slightly modified Michaelis method was used 
for the preparation of tolyj-, naphthyl-, and xenyldichlorophosphines.'*®^" 
A comprehensive patent covers reaction of phosphorus trichloride 
witli hydrocarbons in general, subsequent hydrolysis, and if desired, reac- 
tion with alcohol for the production of esters of phosphinic acids. Pho.s- 
phinic acids are formed according to the scheme: 

■>*G. Kaimti, J den. fVtr/n M., 4, 192-1113 (1934), r A., 29, 404. 

•"W C iXkMit. aiul C J. O R Moms. /. Cht m Sot , 21«0-28h3 (1932), C. .1 , 27, 9« 

(.rimnn P. 452,064 (1927) to teopulfl Curtwilii ttiiil Co. : C. A., 22, 4129. 

Liiirlner. bfr., 5S, 2026 (1022), Z, analyt. CVuin, 00, 305 (1025), 00, 141 (1931); Monatnh , 53, 
263 , 274 (1929). 70. 1-19 (1937) 

C. a. P. 2,137,792 (1930) to W. H. Woodstock (to Victor Chemical Work*). 
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RH + PCL ^ AICli > R.PCI, AlCL ^ nri 

R.1>C1,.A1CL 4 2H.0 » RPHO(OH) f AlC'l, ^ 2IU'l 

Formation of cstrry may procci'd: 

U1 . AK'l, 

/ 

li , rci, . Aicii 4 R'on — ► R r 4 iici 

\ 

on' 


R.l* 


1* 

\ 


n . Aici, 


4 H,0 


OR' 


II 

11 + Ain, t IICI 

\ 

OR' 


Condensations of phosphorus trichloride with aliphatic hydrocarbons 
is discufisod in that section of this book dealing with Friedel-Crafts reac- 
tions in the aliphatic series.* A review of reactions with phosphoryl chlo- 
ride has been included in the section of this book dealing with acid 
chlorides.'^ 


Halogenated Compounds of Arsenic 

Arsenic may be added to the benzene nucleus by the addition of alu- 
Tiiimim chloride to a boiling solution of arsenic chloride in an excess of 
benzene 

3CMn + ^ (raHr)tAM h 3HC1 

2C»Ha 4 ^ (CnHr).AsCl + 2nci 

CaHa H AsCl > cair AsCl . + HCl 


Triphenylarsinc is the main product, with smaller amounts of phenyl 
arsine dichloride and diphenylarsine chloride. Since aromatic arsenic 
derivatives are decomposed by aluminum chloride, 30-40 per cent of the 
total arsenic present is recovered as the free clement. Attempts to react 
■styrene with arsenic chloride and aluminum chloride gave polymers of 
unknown composition.*®^ 

The preparation of tertiary arsines has also been studied by Hunt 
and Turner,*®* who observed that phenylmethylchloroarsine, CuHnAs- 
(CH.i)Cl, reacted with toluene, mesitylene, or bromobenzene in the pres- 
ence of aluminum chloride to form phenyl-p-tolylmethylarsine, phenyl- 
mesitylmethylarsine, or phenyl-p-bromophenylmethylarsine, respectively, 

reaction products. In an analogous manner benzene reacts to 
jonn diphenylmethylarsine *** ; but when an attempt was made to react 
l)cnzenc with (y-phenyl-n-propyl)methylchloroar8ine in the presence of 
aluinmuin chloride, no phenylpropylphenylmethylarsine was obtained; 


* See ChQpt<»r 17. 

"O R W®®. 260. 

m-Ml ^^Bnkampff, Ann., 431, 80-88 (1888); W, La Conte and A. Mirhnrlin, jtnn., 

?■ Tumnr, / Tfipwi 5or.. 127, 006-098 (1928) 

"•G ? Tuiner, /. Sor.. 127, 2667-2671 (1928) 

AurrowB nd E. E. Turner, /. Cficm Soc., 119, 426 (1921) 
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instead, ring elosiure trook plare, with the formation of /ts-methyltetra- 
hydroarsinoline: 



v» 


crii 


Phenyl a-naphthyl ether rondenses with arsenic chloride and ahimi 
mini chloride, Riving 7-ehloro- a, )ff-naphthaphenoxarsinp 


I 


a 


+ AsVU 


I 


''' (K 



n 


+ 2nri 


A like condensation orriirs with diphenyl ether, yielding 6-rhlorophpn- 
oxarsine 


[ I I I + AsCl. — ► 1111 + 2 TIC 1 

n 


Phenyldichluronrsine absorbs acetylene in the presence of almninuin 
chloride to form ^-ehlorovinyIphenylchloroarsine,/ff,/9'-dichlorodivinyl- 
phenylarsine, and /ff-chlorovinyldiphenylarsine.**®® A crystalline complex, 
A 8 PhCl 2 .AlClB, is formed initially, and if the reaction is not kept eool 
decomposition to j^-chlorovinylarsine and benzene occurs. 

The reaction of the chlorovinylarsincs with benzene in the presence of 
aluminum chloride has produced conflicting results. Gibson and John- 
son reacted /S-chlorovinyldichloroarsine, or /J,jff'-dichlorodivinylehloro- 
arsine, or y9,/8'',jff"-trichlorotrivinylarsinc with benzene and aluminum chlo- 
ride and in all cases obtained 9,10-dimcthylanthraeenc as the main prod- 
uct. Such a reaction is analogous to that obtained with vinyl chloride on 
benzene in the presence of aluminum chloride.^^^ Although higher*boiling 
products were obtained in this reaction, there w^as no indication of any 
heterocyclic arsenic compounds. Later, however, Das^Qupta prepared 
phenyl-/?-chlorovinylchloroarsinc and diphcnyl-jff-chlorovinylarsine by 
heating chlorovinyldichloroarsine with benzene and aluminum chloride 
Condensation occurred with replacement of one or both arsenic-halogens: 


^ J, A. Aoicliiiinann, J. Chptn. Svr., m. 811-81« (1835) 
Lowry, and F. H. Bartoim, /. Am 


■“•W. Lewis, C. b. Lwry, and F. H. jiaivoim, /. Am Chim. Sor , 43, 891-890 (IMI) , _ . 
»A. F. Hunt and K. E. Tumer, /. CAsm. Boc., 127, 996-990 (1938); H. N. Das-Ghipto. /. Mutn 
Chem. 8oc.. 14, 949-363 (1987); C. A., 31, 8883. 

««€. S. OibBon and J D A. Johnaon, J. Chrnn. Soe., 2786-2780 (1080); A Chem. Sor., 763-780 (1931) 
J. W. Cfiok, Cftem. and Jnd.. SO, 38 (1981). . 

" H N. Da^-GupU. J. Indwn ckom. 8oo., 14^ 381-310 (1987); Srit. Chem. AbsiraetM-A 
438 ( 1937 ). 



rRlBDEL-C HAFTS SYNTHESES 


173 


H H (n 

(1) CHCl : i . As . Cl. + C.H. > C’HCl : ^3 . L . C JI. + HCl 

H H 

(2) CHCl : i . As . Cl. + 2C,II. » CHCl : . As . (C.H.). + 2HC1 

Treatment of phenyl-;9-chlorovinylchloroarsinc with aluminum chloride 
resulted in ring closure, with production of l-c*hloroarsindole: 


Cl 

1 

Ab-CH 


C’tlCl 




AlCU 



1IC1 


Halogenated Compounds of Silicon 

In an attempt to apply the Friedel-Crafts reaction to the production 
of alkyl derivatives of aromatic silicon compounds, a condensation was 
tried with diphenylsilicon dichloridc and ethyl bromide in the presence 
of aluminum chloride.’^"-* The catalyst was found to dissolve in diphenyl- 
silioou dichloridc without evolution of hydrogen chloride. Upon addition 
of ethyl bromide, reaction occurred, with formation of phcnylsilicon tri- 
chloride, silicon tetrachloride and ethylbenzene and evolution of hydro- 
gen chloride. Scission at the silicon bond had resulted, probably accord- 
ing to the scheme: 


Si (CaUn)i'C/lj 4 A1U],i ~ CvillcAlOly ~i~ SiObUsCIh 

SiC.11..C1h t AlCl., > CoH^AlCl* + SiCh 

Ethylbenzene was formed by reaction of the benzene-aluminum chloride 
complex with the alkyl halide present. 

Other phenyl derivatives of silicon were found to be decomposed by 
aluminum chloride, probably in an analogous uianner. 


Alkylation of CoMFOirNos Other Than Aromatic Hydrocarbons 

The effect of alkyl substituents in the benzene ring on the course of 
Friedel-Crafts alkylation with halogenated hydrocarbons has already 
been discussed.*^ It is to be expected that other substituents also influ- 
f'lice orientation and reaction velocity in condensations of this type. 
Halogenated aromatic hydrocarbons, phenols, and phenol ethers undergo 
Friedel-Crafts alkylation. Isolated instances of the alkylation of aro- 
matic or aralkyl ketones, esters, and aldehydes have been reported. The 
reaction has likewise been applied to compounds of nitrogen and of 

■Hilfur. 

"" W. C. Eviiirm mill F. B. Ki|iuitiK, J. Vhrm. Sor., 2771-2778 (IMI) 

•hoc pago SO. 
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In surveying eondensations of this type, it is at once obvious that 
Friedel-Crafts alkylation of compounds other than aromatic hydro- 
carbons has not been so widely applied as acylation.*^ In the condensa- 
tions with acyl halides, phenols and phenol ethers react even more readily 
than do hydrocarbons. In Friedel-Crafts alkylations, however, the pres- 
ence of a hydroxy- or an alkoxy- group does not seem to have such an 
activating effect. The fact that in alkylations of phenols or ethers molar 
quantities of catalyst are often required, whereas reaction with the 
corresponding hydrocarbon requires only catalytic amounts, coupled with 
the fact that in other instances severe conditions have been found neces- 
sary to bring about condensations which occur readily with aromatic 
hydrocarbons,^^^ also indicates that substitution of so-callcd ‘^activating 
groups” in the benzene ring does not necessarily imply greater reactivity 
in Friedel-Crafts alkylations. 

A discussion is here given of aluminum chloride-catalyzed condensa- 
tions, with halogen replacement, of halogenated compounds other than 
acyl halides and 

halogenated aromatic hydrocarbons, 

phenols^ 

phenol ethers, 

ketones, 

esters, 

aldehydes, 

compounds of nitrogen, 
compounds of sulfur, 
ring compounds of oxygen. 

Halogenated Aromatic Hydrocarbons 

The presence of halogen in the nucleus has a somewhat inhibiting 
effect on Friedel-Crafts alkylation. This may be partly due to the fact 
that aluminum chloride exerts a migrating effect on the halogen, so that 
reaction may be complicated by halogen cleavage and alkylation of the 
dehalogenated aromatic. The formation of alkylated lialogeno-bcnzcnes 
may, therefore, depend upon the speed with which condensation is eflferted. 
Highly active alkyl halides may react with the halogcnobenzene before 
the catalyst has had time to exert its disruptive action. 

According to Friedcl and Crafts,^ alkylation of halogenated benzcncH 
witli methyl chloride leads to very complicated results. o-Dichloroben- 
zene with 20 per cent of aluminum chloride was heated on a water-bath, 
and treated with a current of dry methyl chloride for about ten hours. 
The fact that the chief products were hexamethylbenzene and trichloro- 
mesitylene indicates migration of chlorine atoms. Friedel and Crafts 

■f Si'p ChaphT 6. 

e. S J* 2,Utt4,885 (1936) In M H ('aiix'iitiT (to Inr.). 

r H V. (1937) In J. F Oliii (Ui Shurpli'H SnheikiiH (^Hp.) fni rpiiCtinn of buUl 

liuii«leH wirli plkiHiul ; Mini '1'. FiiIm, Htnsntki V/it'in.t 14, 37-92 (19341; C. A., U, 0426, fm Uke icurtiun 

Vkitll Ikm/Plll 

FiiihIbI aiirl J. M. Urafts, Ann. fhtm. phy», {U}, 10, 411-424 (1387); /. Chem. Soc. Abf>., b2, 
llOl (1837). 
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postulated the intermediate formation of an organometallic compound 
from dichlornbenzene, with displarement of chlorine and not of hydrogen. 
Surh a compound, in uniting with (he alkyl halide, would 

result in the formation of a licxa-alkylatcd benzene. The formation of 
trichloro-mesitylcne was thought to liavc been due to the migration of 
the displaced chlorine. The action of methyl chloride on dibromo-o- 
xylene in the presence of aluminum chloride gave a mixture of substances 
from which no definite products could be obtained. 

The migrating action of aluminum chloride on halogen-containing 
oompounds is well known, and is taken up in greater detail in another 
section of this book.* In alkylation, this tendency seems to be lessened 
as the number of carbon atoms in the alkyl halide increases. 

Recently the condensation of isoprojiyl chloride with broraobenzene 
has been shown to take a more normal course. Upon adding, under cooling, 
9.6 moles of isopropyl eliloride to a mixture of 14.2 moles of bromo- 
benzene and 0.9 mule of powdered aluminum chloride, allowing the reac- 
tion mixture to stand at 0® for thirty minutes, and then heating it on a 
.steam-bath for fifteen minutes, a good yield of 4-bronioisopropylben- 
zene has been obtained. l,3-Diisopropyl-4-broinobenzene was secured as 
a hy-prnduct in the react ion. The cour.«e of the reaction is influenced 
by the type of halogen substituent and the presence of other substituents 
in the aromatic component, as well as by the rraetivity of the alkyl 
halide used. 

Ry condensing chlorobenzene with fert-butyl chloride, isobutyl chlo- 
ride, or n-butyl chloride in the presence of aluminum chloride, p-chloro- 
frrf-butyl benzene (b.p. 211°/759 mm) has been obtained. When bromo- 
benzene is similarly treated, however, the principal product is a fraction 
boiling at 225-226°, and only a small quantity of the expected p-bromo- 
terf-butylbenzene (b.p. 232-233°) is obtained. Here bromine in the 
nucleus obviously interferes with a straight alkylation 

A method for the manufacture of mcfa-alkyl phenols is based on the 
reaction of clilorobenzene with an alkyl halide and aluminum chloride to 
produce a mixture consisting largely of the Tnefa-alkylhalobenzene and 
niinor amounts of ortho- and para- isomers, and subsequently hydrolyzing 
the mixture to produce the corresponding alkyl phenols.^®® 

In the condensation of m-broiiiotolucne with isobutyl chloride and 
aluminum chloride, the chief product is 5-bromo-l-methyl-3-ferf-butyl- 
benzene.**^® p-Iodo-ferNbutylbcnzcne, together with p-di-iodobenzone, is 
obtained when iodobenzenc is treated with isobutyl chloride and alumi- 
num chloride and metallic aluminum.*®* 

Isoainyl chloride condensed with chlorobenzene in the presence of alu- 

Chttptpr 15. 

ktT Todrl, /. Am. Chem. Soc.. 61, 157-161 C. A., 13, 1723; c/. E. Bowlt- 

innfr (S). 35, 826-330 (1900); /. Chrm. Sof. Abt.. »0 (I), 942 (1900). 

nipinicai Cm (1940) to R. R. Umsbtiph, E. C BnllDn, nud R P. PeikinK (tn thp Dow 

p. 80,477 to Fabr. de Tliarni et ^fulhnuBe. 
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minum chloride yields p-chloro-fpr^-amylbenzenc (b.p. 229°). p-Bromo- 
ferf-ainylbrn*cnc (b.p. 246”) is similarly prepared.'*'' 

Friodel-Crafts rondeiisatinn of rhlnrinated or broininated biphenyls 
with alkyl halides of le.ss than G carbon atoms has been elainicd to give 
the corresponding alkyl derivatives of the halogenated biphenyls.^'® 

The condensation of dihalogenated aliphatic hydrocarbons with halo- 
genated aromatic hydrocarbons in the presence of aluminum chloride 
leads to the production of plastic materials. The reaction of polyhalo- 
genated hydrocarbons, such as ethylene dichloridc, propylene dichloride, 
ethylene dibromide, or chlorinated paraffin wax with an aromatic hydro- 
carbon containing nuclearly substituted halogen in the presence of alumi- 
num chloride results in condensation products which may be used in the 
production of non-inflammable compositions from chlorinated rubber.^''"* 
Products suitable for use in electric insulation may be obtained by 
treating with aluminum chloride a mixture of ethylene dichloride and a 
halogenated benzene, containing at least one replaceable hydrogen atom 
Chlorine derivatives of bibenzyl are thus secured.^'^ 

The condensation of dihalogenated benzenes with chloroform has been 
shown to proceed nomially. p-Diehlorobenzene with chloroform and alu- 
minum chloride without a solvent heated for two hours on a water-bath 
gives a 14 per cent yield (ba.^ed on chloroform I of the trisubstitution 
product, 2,5,2',5',2",5"-hcxachlorotriphciiylmcthanc: 


311+ HCCh 


/ ^1 "n 

V-^ - -'C~ / ^ 


A 52 per cent yield (ba-sed on chloroform) of the correaponding broinn- 
derivative by reaction of p-dibromobenzene with chloroform and alumi- 
num chloride was secured. Condensation was effected by allowing the 
reaction mixture to stand for several days at room temperature, with 
gentle shaking.**' 

Although triphenylmethane may be obtained by Friedel-Crafts reac- 
tion of carbon tetrachloride with benzene, like reactions with halogenated 
benzenes do not give triphenylmethane derivatives. Carbon tetrachloride 
with chlorobenzene and alumintim chloride in carbon disulfide gives 4,4'- 
dirhlorobenzophenone chloride, together with some 2,4'-dirhlorobenzo- 

OlHlitaidi. BvU. tor rhim. (S), 35, 10N-in7 (IMM); J. Chrm. Sat. Aht , 92 (I), 34 (IW?) 

4t-( r s p. 2.172,801 (iraO) to H. j. KrMr (to Monuinto ChnnicRl Compiiny), 

S. P. 2,186.270 (1088) to N. Bpiuir«tt (to Impfriftl Chnniral Induntnoi). . 

S p. 2,083.612 (1036) to F. M. dark and W. M. Kuti (to Geniral Eleeirie Co.); C. ^ > 

36, 2001 

n Wilson and Hsiao- Yun Huang, ; Chinetm C/ism. Soe.. 4, 1428 (1086); C. Z., 1036, H 
87EM, wi also S. J). Wilson and Y. Chsng, J, Org. Chem., 5, 228-826 (1040) for SJudogoiu mirtinn" 
witK o- and m-dtrlilorobenzenMi. 
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phrnone. Only two chlorine atonie of the carbon tetrachloride are mib- 
ptituted: 



Hroinobenacne reacts similarly."" 

The reaction takes a similar course with p-dichlorolienzenc, the jirod- 
uct in this case being 2,5,2',5'-tetrachlorobcnzophenone chloride; • 


2 C’(’l4 



Like condensation? have been found to occur with o- and 7Ai-dichlorn- 
benzene and with TJ-dibroinobenzene.^^^ 

It has been reported that if the reaction of p-tlichlorobenzene and car- 
bon tetrachloride in the prf'Mtnce of aluininuiii eldoride is conducted in 
the absence of a solvent at room teini)ernture, a 26 per cent yield of 
2,5,2',5'-tetraehlorobenzoi)henone is .secured; however, if Ihe reaction is 
effected by heating for ten hours at 55'", two pheiiylfluorene derivatives, 
both of them having the composition CittHnCle, are obtained^^® 

These probably had the following structures: 



Hero the intermediate products may have been halogenated triphenyl- 
methaiio derivatives which, with hydrogen chloride cleavage, condensed 
to the fluorenes. 

That chlorine in the ring has an inhibiting effect on Friodel-Crafts 
reaction may be assumed from the fact that, whereas benzene and carbon 
tetrachloride give a 90 per cent yield of benzophenone chloride^’® with 


riD02)' H. Grm. Am. U, 492-41)9 (1901); J. Chem. Soc. Aba., B2 (1), 379 

(I), ia Noma and W. C. Twieg, Am. Cktm, /, 30, SD2-S99 (1908); /. Chem. Soc. Aba., 86 


and Y 8-9 (1908); /. C/iem. Soc. 

M ^ C'/iem., 5, ZU-ZZO (1940). 

and R, L. Jiaklins, Am. Chvm. Soc.. 37, 


Aba., *94 (I), 1B9 (lOOB). B. D. Wilson 
2578-2870 (1015); C. A.. 10, 68. 
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7)-dirhloroben74enc, the yield of the corresponding hnlo^enated derivative 
is only 26 per rent.**’' Low yields of exjiected Fnedel-Crafts reaction 
products with halogeiiated benzenes may he due to formation of such 
complex polynucleHr protliicts as are observed in the foriiiatioii of 
fluorene derivatives. 

The inhibiting effect of nuclear halogen is evident when yields 
obtained in the alkylation of diphenyl ether and of halo-diphenyl 
ethers are contrasted^-" In one case, alkyl halides fCj to C7) condense 
with diphenyl ether and aluniinum chloride to alkylated diphenyl ethers 
in yields of 96 to 100 per cent, based on the diphenyl ether reacted; 
whereas in like reactions with halodiphenyl ethers the yields of alkyl- 
halodiphenyl ethers amount to 45 6 to 68 per cent, based on the halo- 
diphenyl ether consuined in the reaction. 

Phenols 

Work which has been done on Fnedel-Crafts condensation of phenoN 
with alkyl halides consists primarily of reactions effected with liighly 
active tertiary alkyl halides or the likewise highly active benzyl hallde‘^ 
The use of secondary" alkyl halides is cited in a few coses, especially in 
reactions in which the aromatic eoinponrnt is an alkylated phenol or a 
polynuclear compound. Little mforumtion is available coneerning cim- 
densatiuns of halogeiiated methane tlerivatives anrl phennls in the ])res- 
enee of aluminum chloride. 

In 1899, the reaction, in the presence of iron chloride and of alurninuin 
chloride, was investigated by Gurewitseh.*-^ With resorcinol, frrf-butyl 
chloride and iron chloride, the initial jiroduct was the butyl ether uf 
dibutylresorcinol, which was easily converted to frrf-dibutylrcsoreinul 
Using aluminum chloride, liowever, /erf-dibutylresorcinol was olitainerl 
without isolation of the intermediate ether. In both cases an excess of 
alkyl chloride w'as used. The reaction was not regarded as a very suit- 
able method for the preparation of alkylated phenols. 

More recently, however, interest in the utilization of alkyl halide*^, 
easily obtainable from the great amounts of olefins made available by 
the petroleum industry, has aroused new interest in the reaction, par- 
ticularly for the preparation of certain alkylated phenols which find 
application in the coatings indu.Mry**-- and for the preparation of coin- 
pounds of the thymol group, which are in demand by the perfume 
industry 

The use of olefins for alkylation of phenols is described in another 
section of this book.* Literature dealing witli tlic preparation of alkyl 
phenols by condensation of alkyl halides with phenols is mainly patent 

R P 2.170,800 (irao) tn G H. Coleman and R. P Ferkinii fto Dow Chpmieal Co.). 

H P 2.170,088 (1080) to Q. H Colonmn and R. D. Drnebaeh (to Dow Chrmicul Co) 

Uijipuritiich, Bet., 52, 2424-2428 (1800). 

K P 2,049,447 (1086) to H Hdnri (to Beck Koller, and Co.); French P 771,214 (1034) to 

Standfiril Oil ft Dei^elopment Co.; Fiench P. 680,014 (IW) to Bakplite Carp 

h y 2,064,886 (1036) to M S. Carpant^ (to Givauilan-Mawanna, Inr ) . C. A., 3ii 
*Soe page 466. 
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literature which reflects constant attempts at improvement in yields and 
utilization of by*productS- 

The alkylation of phenol with butyl-, isobutyl-, or isoamyl chlorides 
has been carried out in the presence of an equiinolecular amount of alu- 
minum chloride. The best yields of alkylated products, up to 60 per cent 
of theory, were obtained in absence of a solvent. Temperatures of about 
110° and 4-6 hours of heating were required. Some isomerization of the 
alkyl group occurred. Formation of alkyl phenyl ethers could not be 
entirely prevented.^^^*. 

In reacting a fer t-alkyl halide such as terf-butyl chloride with a 
phenol having the o- and p-positions relative to the hydroxy- group free, 
in the presence of a cataly^t such as aluininuiu chloride, and at temper- 
atures of 50-200°, there is formed the corresponding 4-terf-alkylphenolic 
comjiound, togcllier with api>reeiable quantities of the corresponding 
2-fcrf-alkylphcnolic compound and 2,4-di-/crf-alkylphpnolic com- 
pound.^-* Although these last two com])ounds find industrial application, 
111 order to obtain exclusively the mono-para substituent, the 2-tert- 
alkyl- and the 2,4-di-fcr/-alkylpheiinls may be converted to the desired 
product by subsequent trealinent with aluminum chloride, or by return- 
ing the unwanted ])henols to the reaction mixture. The general reactions 
described may be illustrated in the preparation of various fcrf-butyl- 
plipiiols: 

(1) l + IICl 


iiTid appreciable quantities of 


(2) 

mul some 


^ on \ K'iijIjC* ^ nil 
”1 I 

c'(cii-)* ra^iOj 

on (CH3)ir sf \ on 





CCCHjj, 

(cnj)BC 



(^) (Cn>)aC 



-oil -f < ^ on 

C(01Ib)i 


OH ^ ^-Oll 


2iviuuc ^ on 


C(cn»h 


■ITii) ^ ttiiik nnr) \ |) Tniiibiiv Hull iihid tfutinlr, 22, 221-5 tllWH); O A , 

' ‘1 (1934) lu 11. P. Puikiiiti, A. J DiuL«li*i, uiiil J. T Lundijuihl (In 1 )i»m Olifiiii- 
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Id the initial inaction, approximately equimolecular quantities of tert- 
butyl ohloride and phenol are reacted by stirring with aluminum chloride 
in amount representing about 1 per cent of the weight of phenol used. 
The reaction was started at about IS^C and the temperature of the mix- 
ture was gradually raised to 100° during the course of the reaction. After 
completion of reaction and upon cooling to 90°, the mixture was agitated 
with about 4 per cent of its weight of a 50 per cent aqueous sodium car- 
bonate mixture. Filtration and subsequent fractional distillation gave 
the following products, the yields being expressed as percent of the crude 
reaction mixture: 

2- tert-butylphenol, b. 117.1°/23.5 mm. in 1.2% yield 

4-fert-butylphenol, 70.2% yield 

2.4- di-fert-butylphenol, b. 147.8"/23.5 mm in 7.1% yield 

10% unreacted phenol. 

Conversion of 2,4-di-ter(-butylphenol to 4-tert-butylphenol may he 
effected by heating with phenol m the presence of aluminum chloride 
The yield of the p-derivative amounts to 74.6 per cent of the theoretical, 
based upon the quantity of 2,4-di-fert-butylphenol used. 

2-fert-Butylphenol may also be added to a reaction mixture consisting 
of fcrt-butyl chloride, phenol, and aluminum chloride to secure a 74.5 
per cent yield of 4-tcrt-butylplicnol based on the combined ipiantities of 
phenol and 2-tert-butylphenol. 

Other tertiary alkyl halides, for example, ferf-amyl bromide or tert- 
liexyl chloride, may be similaily employed as alkylating agents. Otliei 
phenolic constituents which may be used in the preparation of terf-alkyl 
phenols are: 

3- methylphenol 2-clilorophenol 

2,3-dimethylphenol 2,5-diclilorophenol 

2.5- dimethylphenol 2-isopropylphenol 

2.3.5- trimethylphenol 2-secondary butylphcnol, etc. 

2-ethylphenol 

It has been found that soiue tcrf-alkyl halide is carried over in the 
hydrogen chloride vapor when the halide reacts with phenols in the pres- 
ence of aluminum chloride. This may be recovered by passing the vaporb 
into the ferf-alcohol corresponding to the ferf-alkyl halide. The hydro- 
gen chloride is thereby converted into alkyl halide and necessity for the 
separation of the escaping halide is obviated.*^' 

The escaping fcrf-alkyl halide may also be trapped by passage through 
phenol and a catalyst.^^* 

The use of an inert solvent, keeping the reaction mixture fluid at 
temperature below 50°, is claimed to improve yields of the 4-fcrf-BlkyI 
phenol.'^*" 

Preliminary gentle heating of the ]>heiiul together with the sec- oi 

S e I,N1J8Z ri(U) R P Pukimi, a. J Du-mei, lind J 'I l.miili|iii%t (l<> 
mICu) «7ir Chim dhXrutO-B, >1 (ISM). , 

» e H P 2 03l.a4« (19W} (n M. K. Piitnam, K O. Biittiin, «nri R. P. Porkina (to Iluw ChnuK il 
Co), hnt Cfum. AhatraeU-'B, 528 (IMT). 
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^cr^alkyl halide, and subsequent vigorouB heating in the presenee of the 
alkylating catalyst, e.g., aluminum chloride in amount less than 3 per 
cent by weight of the phenol used, has also been suggested.^^^ 

p-fcrf-Butylphenol may likewise be prepared by passing inobutylone 
through a solution of phenol in carbon tetrachloride containing aluminum 
chloride and a small amount of fcrf-butyl chloride. The alkyl halide 
])re 5 ent serves to initiate the reaction, and the hydrogen chloride evolved 
reacts with the incoming olefin to form additional alkyl halide in order 
to carry on the reaction.^-* The method may also be used for the prepa- 
ration of isopropylphcnol, p-tert-amylphenol and o-fcrf-butylnaphthol.^*® 
In the preparation of phenols of the thymol group (isopropylcresols) 
it has been found that the careful control of temperature is a major 
factor in securing a goorl yield of the rlcsired isoineT, and that chlorinated 
hydrocarbons such as ethylene diehlnride are esjiecially efficient solvents 
for Friedel-Crafts reactions of this type.^^® 

For example, reaction of ?n-cresol with isopropyl chloride at —10° 
givp^ thymol as the main product: 


on 

r I + (CJH,),CHC1 
rui-" 


AlCli 


I 


riK 


rHs 

cHi + HCl 


Isolhymol is produced in only very small yields as a by-product in the 
foregoing reaction. If, however, the reaction is conducted at 30-60°, and 
held at 60° for thirty minutes, an almost quantitative yield of 3-inethyl- 
o-isopropylphenol (isothymol) is secured: 

OH 

( I 4- 

-Uefa-substitution in this case may be pxi)lained by a primary formation 
of the ortho^para derivative, thymol, and subsequent rearrangement to 
3-mcthyl-5-isopropylphcnol by the action of aluminum cliloride.^®^ The 
formation of an ortho-para derivative at low temperatures is also demon- 
‘^trated in the reaction of o-cresol with isopropyl chloride at —16° to 
give carvacrol : 



(CHi)iCTKI 




+ Hf1 


to Olm (to Hharpli* Solventi Corp.). 

... P, 097.711 noiMk v iQi 9B1 naan tn v rt. 


(1930) ftnd Auatrmn P. 124,231 (1931) to F. Linner (to Soc. RptcJihold, FlUg- 
and C. A., 25, 8018; 29, 785. 

L K S' VK'S! Ooil) to F. Linner (to Binsk. Koller, end Co.); C. A., 33, 2319. 
r/ J ■ p ‘ M’®*^i’*** (1986) to M. S. Carpenter (to Oivauden-DelawBnnB. liic.); C. A., 31, 900 
F. Norrii Mid D, Rubinatda, /. Am. Chem. See.. 91, 1198-1170 (i039). 
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a- or )9-Naphth(>l may bo condensed with /r rt-biityl chloride. The naph- 
thoh alkyl halide, and aluxninum chloride are mixed at room temperature 
and wanned gently under a reflux condenser until evolution of hydrogen 
chloride ceases. The reaction mixture is subsoqucntly boiled with water 
and distilled under vacuum. ^-Naphthol thus yields 4-tert-butyl-2- 
hydrox 3 maphthalenc (m.p. 102^ and b.p. 146‘^/6 mm) and a-naphthol the 
corresponding 1-hydroxy- derivative.'*’"^ 

Alkyl chloro-hydroxy-biphenyls are prepared by reacting a ehloro- 
hydroxybiphcnyl compound with an alkyl halide in the presence of alu- 
minum chloride.*®'* Using one mole each of 2-hydroxy-5-chlorobiphenyl 
and 2-ehloropropanc wilh 0.03 mole of aluminum chloride, a yield of O.o4 
mole of 2-hydroxy-3-isopropyl-5-chlorobiphenyl was secured. The piod- 
ucts are claimed as microbicidcs, antiseptics, preservatives, and inter- 
mediates. 

The aluminum chloride-catalyzed reaction of phenol or cresol with an 
alkyl halide containing at least 12 carbon atonus for the production of 
nuclear alkyl derivatives of phenols has been used in preparing materials 
which, upon sulfonation, yield compounds suitable for use as detergents, 
foaming agents, and wetting agents.*®* 

Pour-point depressors for lubricants may be obtained by reacting 
hydroxy- compounds of the benzene, naphthalene, and anthracene scries 
in the presence of aluminum chloride with chlorinated aliphatic hydro- 
carbons of not less than 12 carbon atoms, and estcrifying the products 
with a carboxylic acid.*®* 

Reacting rubber dibroinidc with phenol in the presence of aluminum 
chloride or zinc chloride, 65-77 per cent yields of bis-(hydroxyphenyl) 
rubber were obtained.*®* With ferric chloride as catalyst, however, the 
yield was almost quantitative. In a later study of the reaction product 
the following constitution was indicated*®’*^: 


(-C(cn.) . cn CHa . cif»-)x 



on 


Di-tertiary, 1,4-dichlorides react with phenols so as to introduce a 
new hydruaromatie cycle. 2,5-Dichloro-2,5-diniethylhexane and phenol 
thus give an 80 per cent yield pf 5,5,8,8-tetramcthyl-5,6,7,8-tctrahydro- 
naphthol together with a product of higher condensation*®*: 


«U. B. P. 1,7S8.629 (1Q01) to F. Eoaiigiberver (to Dehia and Btean); C. Z., 1911. 11, 1B51; C. A . 
2S, 974 

S. P. 2,092,724 (1B37) to E. C. Britton. G. H. Coleman, and L. E, Milla (to Dow Chenu- 
oal Co.). 

^V. 8 P. 2,134.711 (1038) to L. H. Flctt (to National Anilino and Chemical Company). 

«“Brit. P 401,323 (1037) to Socony- Vucumn Oil Co.; But Chem. Abstraett-B, 1208 (1088). U. S V 
2,101,408-0 (1940) to 0 M. Reilf (to Sor on v -Vacuum Oil CJo. ) 

L Fwber, H. Gray, and E M MeCobn, /, Am. Chem. Soc., 43. 1300-1812 (1020). 

Gew, Helv. Chm. Acta, 10, 530-088 (1027); C. Z., 1027. II, lOn-1024. 

A, wuaon and J, W. Kroeger. /. Am. Cham. Soc., 02, M-44 (1340). 
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Condciirttttion products of phenols with halogonated squalcne are pre- 
pared by adding squalene hexaliydrobroinide to a mixture of phenol and 
aluminum chloride (100:1) at 60-70°, and subsequently heating the reac- 
tion mass for eight hours at 80°. Like condensation with squalene 
ilodecabromide yields a product (in.p. 120-130°), which yields dyestuffs 
with diazo- compounds. Instead of phenol, a-naphthol may he used as 
the aromatic component.*'^® 

Although little is known about the reaction of unsaturated alkyl 
lialides wdlh phenols, it has been claimed that the condensation of a vinyl 
halide with phenols in the presence of aluminum chloride yields vinyl- 
phenol.'***® 

By condensing o-crcsol wdth carbon tetrachloride in the presence of 
aluiiiinuin chloride, and hydrolyzing the product, 3,3'-dimethyl-4,4'-di- 
hydroxybcnzophenoiie has been obtained.^"*' 

The alkylating agent may be an alicyclic halide. Phenol with tert- 
luethylcyclopentyl chloride with aluminum chloride in an indifferent sol- 
\enl gives a good yield of p-ierf-methylcycloiientylphenol.****- 

Dipentene dihydrochloride undergoes Friedel-Crafts comlcnsatioii with 
phenol and aluminum chloride to give ilihydroxydiphenylmenthane.'*'*-* 
Aralkyl halides undergo Friedel-tVafls condensation with certain 
phenols. Benzyl ehlondc and resorcinol with aluminum chloride give a 
•‘>0 ])er cent yield of |2,4-dihydroxyplienylJphenylmethane (m.p. 76- 
77 1 ) 444 Condensation of 1 mole each c»f a-clilorobutylbenzene and phenol 
in petroleum ether, using \ mole of aluminum chloriclc, gives a 20 per cent 
yield of 4- (a-phenylbutyl) phenol and a 6 per cent yield of 2-(a-phcnyl- 
'intyllphcnoM^*® 

Diphenyldichloroincthane with a-naphthol in the presence of alumi- 
imiu chloride gives a fluorenc derivative.^**® The condensation has been 
shown to proceed according to the scheme: 
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3‘-Hydroxy-9-phpnyl-l,2-benzufluoreDC is thus obtained in almost quanti- 
tative yield. 

An extensive study of the influence of halogen substituents on the 
course of the reaetion wth benzyl chloride has been made by Huston and 
co-workers. Condensations were carried out with one mole of the ben- 
zyl chloride and 3 moles of the phenol in the presence of i mole of alu- 
minum chloride at 20-35°. Diphenylinothane derivatives are obtained, 
the condensation taking the normal course, with replacement only of the 
methylenic halogen. Reactions with chloro- derivatives are summarized: 

Drrivative of % 


Fhand 

Chloride 

diphenylmethane 

yiold 

Fheuul 

2-rh](jrobcnzyl 

f2-liy(lroxy-2'-chloro- 
( 4-h3’^d roxy-2'-chloro- 

16.21 

14.74 

Phenol 

3-chlorobcnzyl 

4'hydToxy-3'-chloro- 

15.84 

Phenol 

4-chlorobcnz>'l 

4-hyflroxy-4'-chloro- 

46.00 

2-Chlorophcnol 

benzyl 

f 2-hy droxy-3-chloro- 
i4-hydroxy-3-chloro- 


4-ChIorophenol 

benzyl 

2-hydroxy-6-chl oro- 


2>6-Dich]orophenol 

2-chlnrobGnzyl 

4-hydrazy-3,5;2'-trichloro- 

10.8 

2,6-Dichlorophpno] 

3-chlorobenzyl 

4-hydroxy-3|5|3'-trichloro- 

11.52 

2,&-Di chlor o])hcnol 

4-chlorobenzy) 

4-hy droxy-3,5,4'-trichl or □- 

35.00 

Substitution in 

the ortho-position to the hydroxy occurred only in 


the reactions of phenol with 2-chlorobenzyl chloride, and 2-chlorophenol 
with benzyl chloride. With 2,6-dichIorophenol and 2-chIorobenzyi chlo- 
ride, of course, only the -para- derivative was obtained. 

Condensations with brominated derivatives showed that the presenrr 
of bromine in the nurleus of benzyl chloride favors tlie formation of an 
ether. Thus phenol with 4-broniobeiizyl chloride yielded not only thi‘ 

For work with dilerine lubaUtuaiti mo B. C. Hiutoo, B. L. Onilo, P. B. Chun, W. N. Bniilr' 
W. WoTTBiL L. B. B.ui>r, ond B. 0. Mato, 4 . Am. CAem. Soe., Sl MU-IMt (19H); (or work willi 
birnnina aubautimla wa R. C. Httaton, A. NMley. B. L. Fayerwoauiar, B. M. U'Any, F. B. Mar- 

M. M. BaUard, and W. 0. Uwla, /. Am. Chm. Soc., SA IIM-IIM (IIU). 
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expected diphenylnicthanc derivative but nlfio 4-broniobcuzyl phenyl 
rlher: 
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Prr])aralions with broininated derivatives are given; 

Phenol 

Chloride 

FroducU 

Phrnol 

2-bromobciizyl 

4-hy drDxy-2'-brom odipheny 1 methane — 15 % yield 
2-hydroxy-2'-brnmt)diphrnylmethanc 
2-bromDbrnzyl phenyl ether 

Phrnol 

JJ-hromobcnzyl 

4-hvclroxy-3'-l)rnm odipheny] methane — 17% yield 
3-bromobenzyl phenyl ether 

Phenol 

4-broiunlH*nzyl 

4-hydroxy-4'-broinndiphenylinethane— 197o yif'ld 
4-hromobpnzyl phenyl ether 


The bcnzylation of a broinophcnol did not give an ether. The pro- 
duction of orfAc-benzyl derivatives occurs ns it did in reactions with 
cliloro-substituted compounds. 

Chlorine-substituted benzyl chloride may be reacted with phenols to 
yield water-soluble condensation products which find use in the textile 
industries. An aromatic hydroxy- compound such as phenol is heated 
with about the same quantity of a halogenatcd aralkyl halide containing 
no hydroxyl group, such as trichlorobenzyl chloride, at a temperature of 
100° or lower for three to fifteen hours, in the presence of zinc chloride or 
aluminum chloride, and the condensation product thus obtained is sulfo- 
nalcd at a temperature of 35-80° to obtain a product which may be used 
as a resin in treating fabrics, ctc.^^^ 

Several instances cite the condensation of phenols with halogenated 
f’in^ compounds of nitrogen. C'yanuryl chloride. 

Cl 

I 

c 


nr rci 


i>* n * MB,480 (1934) to Gonoral Aniline Worki*. C. A., 2B, 2SW7. r/. niitiah P. 490,692 (1938) 
inilu-nindiuitrie! C. A.. 32, 686v. 
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condenses with oc-naphthol in the presence of alumimim chloride willi 
replacement of halogen by the naphthol residue.**** Replaccincnt of halo- 
gen by phenol- nr naphthol-residues also takes place in the reaction of 
2- or 4-halogcno- or 2,4-diljalogcno-qiiinazoHncs and i)henol or nuphtliols 
in the presence of aluminum chloridc.^^** 

Other chlorinated triazines have been claimed to undergo like reac- 
tions with naphthols or phenols*®^ 

Phenol Ethers 

Condensation of phenol ethers with acyl halides in the presence of 
aluminum chloride is so generally used that reactions of this type make 
up a substantial part of the chapter on Friedel-CVafts reactions with acyl 
halides.* Although many other halogenated compounds condense with 
phenol ethers and aluminum chloride with replacement of halogen by the 
phenoxy- group, the data available concerning yields and speed of reac- 
tion are not sufficiently comprehensive to allow generalizations concern- 
ing the influence of the alkoxy- group in Friedel-( 'rafts alkylations. How- 
ever, the fact that methyl anisate and anisaldehytle alkylate smoothly, 
whereas methyl benzoate and benzaldebyde ilo not undergo the reaction, 
indicates an activating effect of the alkoxy- group. 

Upon heating aiiisole with aluminum chloride and isobutyl bromide or 
fert-butyl chloride, Baur^*'’”’* obtained methyl (4-tfrNbiitylphenyl)ethei, 
(CHfllaC.CflH^.O.CIIa. Treatment of m-tolyl methyl ether with the 
same alkyl halides and aluminum cldoridc gave the tertiary butyl deriva- 
tive, (CHalaC.fCflHal.CHa.O.CHa, fb. 222-224°). The best yields were 
obtained when 5 parts of the cresyl ether were used with 1 part of but\l 
bromide and 0.2-0.1 part of aluminum chloride. 

The condensation of w-tolyl methyl ether with frrt-butyl chloride at 
a low temperature in the presence of only a very small amount of alu- 
minimum chloride has been shown more recently to result only in the 
formation of 4-ferf-butyl-7n-tolyl methyl ethcrlm.p 23.4^): 

ocrii oniT 

I 1 

I I + fc;ii,),rc’i I I Ht’i 

' /''CMi /' rn, 

I 

rmi,) I 


U. S. P. 1,734,029 (1929) to AmpTicon CvHnamirl Cnrp ; C Z . 1930, 1 740 
•■Bntwb P, 297,179 (1028) iv I. C Farbeninciu^tuo, //nt. r/rf/n rn-B, 717 fl929) 

P. 100,101-108,202 (I924V Bnt P 220,302 (1923); Frrmh P. 584,043 (1923) (o Sck- f 
efanni. Ind. in BmisI; C, Z„ 1935, 11. 7B0-781. 

^0«nnui P. 488,100 (1020); Britiah P. 240,371 (1035) to 8oe. f. Clipni. Inri in ^ 

1925| 11, 2117. 

*8ee page 308. 

^ A. Bsur, 27, 1618-1619 (1804). For lotn work on rnietion of nniNnlp with hutvl-, **f'^“*'*i 
or Moamyl chloride to inve up to 70 per 6mt yirlde of monoalkylfition nrodiif tR ww I P. Tsukwvn»' 
and V. D. TunboirtitovB Bull univ. Ante Cmtrale, 22, 221-5 (1938); C. A.. 34. 4729 
««G. Dnrsem and A. I-rvy, Compt. rend., 193, 321-324 (1931): C, Z.. 1931, IT. 2810. 
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The structure of the product was determined by nitration to amber musk, 
or by acetylation to the known acetyl derivative.*”" 

COCHi 

NO»x/\^NOi 

C(CUi)< 

Good results have been secured in Friedel-Crafts alkylation of 
3-propylanisolp. From 15 g of the ether, 9.2 g of f erf -butyl chloride, 
and 3.2 g of aluminum chloride, there is obtained 12.5 g of 3-propyl-6- 
(erf-butyl anisole acccording to the scheme : 




oru 

Airu (riij)jC . 


r 111 . chj . nil 


I 4 HC'l 

^chj . cn« . CHi 


It will be noted that here the orientation of the entering alkyl group 
differs from that reported in the reaction of terf-butyl chloride witli 
m-tolyl methyl ether noted above. 

Ethers of polynuclear liydroearbnns may be alkylated by Friedel- 
Crafts condensation with alkyl halides. When 100 g of isobutyl bromide 
arc rearted with a mixture of 96 g of /f-naphthyl methyl ether and 81 g 
of aluminum chloride in 192 g of carbon disulfide at 55-65°, and the 
reaction mixture is fractionated under vacuum, isobutylnaphthyl methyl 
ether (m.p. 66°, b.p. 188°/14 mm), is obtained.*®^ 

Alkylated diphenyl ethers, produced by condensation of diphenyl 
ether with alkyl halides in the ]ircsei)rc of aluminum chloride, have been 
claimed as products particularly valuable as dielectric agents in trans- 
formers, condensers, and other electrical equipment, or as plasticizers for 
rchina and varnishes.*”'* ’ Upon treating a mixture consisting of 10 moles 
of diphenyl ether and 0.2 mole of aluminum chloride with 10.06 moles of 
ethyl chloride at approximately 150' during a fourteen-hour period, a 
mixture of ethylated diphenyl ethers was obtained. Based on the 
diphenyl oxide reacted, the yields of products obtained were as follows: 


inonuethvldiiihuuxl othiry 58% 

diothyldiphen}^ othnis 30% 

triHhyldiphf'n> 1 rthcr'* 10% 

ietruetiiyldi phenyl etherb 2 % 


Condensation of soconilary butyl <'lib)rido with diphenyl ether at 100° 
er hours gave the lollnwiiig prnduets in the indieuted yields: 
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moDMec-butyidiphenyl etbers 71% 

di-jiec-butyldiphenyl ethers 24% 

tri-^rc-butyldipheoyl ethers 5% 

Like reactions were effected also with the diphenyl ethers and tert-butyl 
chloride, feri-amyl chloride, isomeric amyl chlorides derived from the 
chlorination of pentane, hexyl chlorides, bromides or iodides, and heptyl 
halides. The reaction is likewise applicable to condensation of alkylated 
diphenyl oxides with alkyl halides. 

Alkyl halo-diphenyl ethers obtained by reaction of chlorodiphenyl 
ethers with alkyl halides of from 1 to 6 carbon atoms have also been 
claimed for use as dielectric agents and as plasticizers.^^^ Condensation 
of 8.6 moles of ethyl chloride with 9.0 moles of crude monochlorodiphenyl 
ether in the presence of 0.2 mole of aluminum chloride for six hours at 
ISO® gave the following yields of alkylated products, based on reacted 
chlorodiphenyl ether: 

monoethyl chlorodiphenyl cthpr 32 4% 

diethyl chlorodiphenyl pthor 6 7% 

polyethyl chlorodiphenyl ether 6.5% 

With ferf-butyl chloride and aluminum chloride at 85-95^ for 3i hours, 
chlorodiphenyl ether gave a 52.4 peT cent yield of inono-^cri-butylchloro- 
diphenyi ether and a 15.8 per cent yield of the corresponding di-alky) 
derivative. 

Dichlorodiphenyl ether with .svc-lnityl chloride gave at 90-95° for 
0.83 hour a 48.2 per cent yield of nioiio-/jcc-butyl dichlorodiphenyl ethei 
and an 18.5 per cent yield of di-sec-butyl dichlorodiphenyl ether. 

On the whole, it is obvious that better conversion is obtained in 
Friedel-Crafts condensation of unhalogcnated diphenyl ether with alkyl 
halides than when the halogenated ctlicr is used as the aromatic com- 
ponent.^” 

The reaction of diphenyl ether with dihalo-aliphatie hydrocarbons 
and aliiimnum chloride at 146-250® results in the forn\ation of mixtures 
of such compounds as the isomeric fn'.s-fphciioxyphonylethyl)diphcnyl 
ethers, the isomeric 6w-(phcnoxyphciiylpropyl) diphenyl ethers, and dif- 
ferent mixtures of the isomeric 6/5- (phonoxyplicnylbutyl) diphenyl ethers 
These phcnoxyphenylalkyJ iliphenyl ethers arc obtained by heating 
an excess of the ether with the alkyldihalide and a small proportion 
of aluminum chloride. Thus by reacting 4 moles of diphenyl ether with 
1 mole of ethylidene dichloride and 0.1 mole of aluminum chloride for 
five hours at 200®, a mixture consisting of mono- and di-(phenoxyphenyl- 
ethyl) diphenyl ether is obtained. The products may be used as plasti- 
cisers and as lubricant addition agents.^” 

Substances resembling lubricating oils are claimed to be proclucts of 
the reaction of halogenated aliphatic hydrocarbons having more than 
12 carbon atoms in the prcHcnce of a Friedcl-C h afts catalyst with an am 

V. S. P. 2,170,980 (1080) to O. II CoK'nian uud R D. Drojdlmcli (Ui Dtm' CJiMnicii) Co) 

U. S. P. imm (1887) to Q. u. Coleman and B. C. Hadler (to Dow Chemioid Co.) , C ^ 
31i 4410. 
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iiiatic ether free from amino-, nitrp-, carboxylic acid, aldehyde, hydroxy-, 
or sulhHiio groups or haloi;cnR, having a free nuclear position.^**' Exam- 
])les are given of the oondensationa of chlorinated paraffin wax with 

unisdlr 

diphenylcnc oxide 
diphenyl ether 
dinaphthyl ether 
)3-naphthyl ethyl ether 
eyelohexyl phenyl ether 
a-naphthyl methyl ether 
dinaphthylene oxide. 


The alkylation of products obtained by condensing aryl-ar\d, alkyl-aiwl, 
iiralkyl-aryl, and aralkyl ethers with chlorinated petroleum wax in the 
presenee of aluminum eliloride is said to result in improved pour-point 
depressors.'*®® 

There are cited only a few instances of Fricdel-Crafts reactions of 
ellicrs with halogenated eoinpounds other than alkyl or acyl halides. 

In attempted eondnnsation of anisole wilh carbon tetrachloride and 
aluminum chloride, it avus ob'sorved that only traces of the corresponding 
dimethoxybenzophenone were obtained.^""* It was assumed that the nega- 
tive results were d\ic to the formation of a resistant additive product of 
anisole and aluinimnn chloride. 

The action of bronumitroinethaiie and aluminum chloride on anisole 
has been investigated. ““ Two types of reactions occurred: the halogen 
was ret)lHeed by the anihvl group in one, and in the other the nitroalkyl- 
halide acted as a broininating agent. Only a very small amount of the 
product from the former n‘artion was obtained, and this tended largely 
to decompose into aldehyde and acid. 

Tlie eondensation of benzyl chloride with anisole has been effected by 
hniliiig the components for two or three hours in the absence of a cata- 
lyst. The j)roduet is p-iiictlioxydiidienylmethane.*®'' The same compound 
may be obtained even at-0° if the reaction is conducted in the presence 
of aluminum chloride.*”® According to Nenitzescu and co-workers 
the presence of aluminum chloride only allows the use of lower temper- 
atures ill the reaction. 

treatment of 90 g of vcratrole in 200 cc of carbon disulfide with 20 g 
of alimiinuni chloride and 50 g of beuzal chloride has been reported to 
yield 58 g of phcnyldiveratrylmethane (m.p. 124° 1, together with some 
»il0-diphenyI-2,3,6,7-tetramcthoxy-9,10-dihydroanthracene (m.p. 308°) 

the non-volatile residue.'*”^ Here roiilaeeiiient of both lialogens from 
benzal chloride by the veratryl residues had oceiirred. 


4814 

I Company). 
. 26. 12S7, 


1. 822 (IWH) 
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Hydroquinonp dimethyl ether has been reacted with ethyl ehloro- 
acetate and aluiiiinuiu chloride by bnilini; in a reflux apparatus for three 
to five days to {;ivc the dimethyl ether of homngcntisic acid: 


,orii« ciniarooriH. 


THiCOOH 

.oriii 

.1 ' 


Saponification of the ester occurred during the reaction; otherwise normal 
Friedel-Crafta condensation took place.^®* 

A similar reaction could not he effected with anisole and chlorn- 
methylene dibenzoate in the presence of aliiininuin chloride. Wenzel and 
Beliak^®® expected that condensation would occur according to the 
scheme: 

(CaH-.CO..)*rHCl + O CIT. iCJhCi CaH4 O CH, + HCl 

Instead of the dibenzoate, however, tin* reaction product was found to 
be anisaldehydc, which may have been produced through intermediate 
formation of anisaldehyde dibenzoate. 

The condensation of anisole with chlorophenylanthronc in carbon 
disulfide in the presence of aluminum chloride yields methoxydiphenyl- 
anthrone, m.p. 180-181 


o 



Ethoxydiphenylanthronp (m.p. 159-160®) is prepared similarly.*^® 

The production of nitriles by condensation of freshly prepared cyan- 
ogen bromide with aromatic compounds in the presence of aluminum 
chloride proceeds more readily with phenol ethers than it docs with aro- 
matic hydrocarbons.®'^* 2,4-Dimethoxybenzonitrile is produced in goo*! 
yield according to the scheme: 

CN 



OClIi OCHi 

**W. A. Olbome, Prge. PhytM. Sac. (IM), siii-iiv; /. Phyriol., 1$t Cham. Sac. Ah*., M (IV 

•■r. Wmid and h. Brilak, Mmatth.. X, HS-m (l>U)i /. Chm. Sue. Ah*., IN (I), U4 (IMS)' 
C. Z.J Uli, I, lU. 

ml. Tatry, Compl. rand., IN, UN-IW (UN); /. CAm. Bor. Aba., Tf O). HI (18M). 

<np. Kamr, A. Rpbmaiin, and E. KcUer. JTalv. CAim. Acta. 3, »l-»t (INO); /. CAam. rSaa. M’-' 
111 (I), IN (13M). 
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Nitriles of 2,6-dimethoxy-, 3,4-dimethoxy-, 2,3,4-trimethoxybenzeDe 
and 4>etboxy- and 2-ixiethoxynaphtbaIene were Bimilarly prepared. 

Tbe condensation of pbenol etbers and balogenated triasines in tbe 
presence of aluminum cbloride, with replacement of halogen by the 
aryloxy- residue, has been claimed to give products useful in the dye- 
stuffs industry 

Phosphorus trichloride condenses with anisolc or with phenetole in the 
jircsence of aluminum chloride to yield p-anisyl or phcnctyl chlorophos- 
phinc according to the scheme 

on 

1 ^ 

+ PCI, 


AViLh dipbonyl ether, p-phenoxyphenyldichlorophosphine is similarly 
nbtained.^^* 

Arsenic trichloride condenses with diphenyl ether and aluminum chlo- 
ride to yield 6-chlurophcnoxarsine 

o 

\ 


/ 

Aa 

I 

Cl 

A similar condeiisatiun occurs when phenyl- oc-naph thy 1 ether is substi- 
tuted ior diphenyl ether in the foregoing reaction, the product in tliis 
case being 7-chloro-a-/^-naphthaphcnoxarsine.‘‘^® 

Of interest is the fact that although the aldehyde group has an inhib- 
itnig effect in Friodel-Crafts reactions, anisnldehydc with isopropyl 
cliloridc and aluminum chloride in carbon disulfide has been reported to 
Kivc a 22.4 per cent yield of 3-isopropyl-4-methoxybenzaldebyde,^'^’^ Here 
the methoxy- group obviously has an activating influence on the conden- 
sation, for benzaldehyde does not undergo the reaction. 

Tile activating action of the methoxy- group is also apparent in the 
'dkylation of methyl anisatc with isojiropyl chloride and aluiuinum 
cliloride.'^^* 

WW, 0^26); BritiHli P. 240,371 (1020) to Roc. f. cht-m. Iwl. m Bawl; C. Z., 

4 1M-32S (1H90), 294, 1-65 (18U7). U. Kiiimii, J. Opij. rVicm. (V.H.S.H.}, 

A vv A., 29, 434. 

4*r.u J- ^932), 2800-2810; C, A., 27, 0B6. 

■‘U. l.ewiH, C. D. Lowi>. ubd F. H. Wnmvim, J. J«i. Chvm. 43, 891-890 (1021). 

ABBohlimann. /. Clim, Sof., 127, 811-815 (1925) 

4 , "• a. R. Burtner, /. Am. Chum. Sue.. 57, 000-012 (1035); C. A.. 29, 4354. 

and N. 0. Callowny. /. Am. Chem. Sor„ 55, 4107-4205 (1038); see nlao p. 103. 
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Eetonai 

The keto- gproup has an inhibiting effect in Friedel-Crafts reactions^ 
but as the aromaticity of a ketonic compound and the activity of the 
halogen component are increaned, condensation becomes possible. This 
is especially apparent in acylations;* but for alkylation, instances which 
illustrate this generalization are less rouimon. 

Benzoylnaphthalene has been reacted with benzyl chloride.^’* Treat- 
ment of 60 g of l-benzoylnaphthalene and 21.8 g of benzyl chloride witli 
0.26 g of aluminum chloride in small portions at 160-170° for one hour 
produces l-benzoyl-8-benzylnaphthalcnc, distilling at 290-305°/3-15 mm, 
and melting at 142° upon cr^^stallization from alonhul. 

The amino- group imparts increased aromaticity to the ketonic com- 
ponent. Anilides readily undergo condensation with alkyl halides in the 
presence of aluminum chloride.^^ 

The condensation of 4-uniiiioaiithraqiujionoacridnno witli a-rhlnni- 
anthraquinone and aluminum chloride to give 4-JE-anthra(iuinonylaminn- 
anthraquinone-l,2-acridone is another instance of such influence.**^^ 

Alkylation of ketones of the furan scries may be effected by reaction 
with alkyl halides in the prc&cnce of aluininiim chloride. 2-Furyl phenyl 
ketone has thus been shown to conden.se with ier^-butyl chloride to give 
a 30 per cent yield of rf-butyl-2-furyl phenyl ketonc.'*^- 

In an attempted alkylation of acetophenone, molecular amounts eiicli 
of Bceto])henone and etliylbromide were treated with J mole ol aluminum 
broinicle. Here the main reaction product w'as methylstilbyl jihcnyl 
ketone, obviously a condensation product ol 

two moles of aeeto[>h(‘uoiie. The ethyl iiromide served only as a solvent 
for the condensation. Ar a by-product tripheiiylbenzene was obtained, 
if a smaller amount of ethyl bromide is used and (lie reaction ti^npeni- 
ture increased, greater ainount.s of tripl)enyll>enzene are produced. It 
suggested that the formation of this kind of hydrocarbon and unsaturatcrl 
ketone almost always occurs in Friedel-Crafts ketone synthesis, if the 
reaction temperature is high and ton much aliiminuin chloride nr alumi- 
num bromide is used.^*** 

Acetophenone and chloralhydratc combine by means of aliimiiiiiin 
chloride even in the cold, yielding a complex from wdiich alumiiiuni can- 
not be entirely removed. Vacuum distillation gives decompohitmn 
products 

Esters 

The carboxy group in the ring has an inhibiting effect in Friedil- 
Crafts alkylations. However, the jirescncc of a highly activating groui’ 

♦ S«'c page 360, 

K. Jhiiewimski, J. Aitciilini It, iiiiil .1 Muk/cw, ItnU, n-ttin. fiiml imlotmiHv, 1929A, 058-008, ( ' 

2Sp 1515 . , , 

S. P. 2,092 970, C. A.. 31, 7K04; 2,092,972-3, C. 1.. 31, 7K8H, to U. llerMtcin (Ui U. S. ImUihU'*' 
Alc«>liul); Bw uIm) 197 

P. 202,252 iu Ftiilivverko \imiij MeiMti'i, Luciiis, ami Jlniniuir, J Son Ahs , 

(I). 1078 (1913). 

“»H. Gilman and N. 0. Calloway, /. Am. Cftem. Soc., 55, 4197-4205 (1038) . -oi 

•"•M. Xonowmlow and Fmowaira^ J. /tutu. PAyf.-CArm. 8w , 34, 944-949 (1903): C\ Z., 1903, I, **- 
**«a. B. Krankforter and W. Kritebavaky, A Am. C/iem. Soc.. 10, 1525 (1914). 
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may make alkylation possible. Thus, although methyl benzoate does not 
undergo Friedel-Crafts reaction with alkyl halides, methyl anisate does. 
A 33.6 per cent yield of methyl 3-iBopropyl*4>methoxybenEoate (b.p. 
162-165°/26 mm) has been secured by condensing methyl anisate with 
isopropyl chloride in the presence of aluminum chloride in carbon disul- 
fide.*” The methoxy group thus increases the aromaticity of the ester 
to such an extent that condensation occurs. 

The effect of increased aromaticity is also emphasized in alkylations 
of naphthoates. Ethyl a-naphthoatc has been reacted with isopropyl 
chloride and aluminum chloride to give a 33 per cent yield of ethyl iso- 
propyl-a-naphthoate, b.p. 19B-203''/20 mm. With n-butyl chloride an 
ethyl butyl-a-naphthoate has been likewise secured.*” 

Fur an esters alkylate readily. Although methyl and ethyl halides 
cannot be used as alkylating agents, almost quantitative yields can be 
obtained with propyl and butyl halides *” and good yields with amyl and 
hexyl halides.***” The condensations, effected in yields of up to ^ per 
cent, imply superaroiuntic properties for furan.**'^ 

Aldehydes 

The presence of an aldehyde group in the ring has an inhibiting effect 
on the Fricdel- Crafts reaction. From 21.2 g of bcnzaldchyde, 15.6 g of 
isopropyl chloride, and 53.2 g of aluiuinuiu chloride, only 2.2 g of m-iso- 
prupylbenziildeliyde (b.p. 95-97°) has been obtained. If, however, a 
highly activating substituent is also present in the ring, a much better 
yield is obtained. Treatment of 13.6 g of anisaldehyde with 7.8 g of iso- 
propyl chloride and 26.6 g of aluminum chloride gives 4 g, or a 22.4 per 
cent yield, of 3-isopropyl-4-mcthoxybcnzaldchyde.''’*‘‘ 


('HO C'HO 



I • I 

O . CMi O . VIU 


Alkyl derivatives of furfural are obtained by condensation of furfural 
with alkyl halides.* 


Compounds of Nitrogen 

Aluminum chloride has been little used for the alkylation of com- 
pounds of nitrogen. It has been found useful in reaction of amides with 
B'lkyl halides, and it has had a limited application in condensations of 
aiylamines with a number of halogenuteil compounds. A few isolated 


n. Qilmui Md N. 0. CUlDWay, J. Am. Chrm. Soc., 55, 41D7-4505 (1(15). 

0 CaUowv, Chem. lUwmn, 17, 14 (IMS). 

(I,„ biok'^ “** CMlowiy. loc. at.; for a disouwiipD of then reactions, see page 


of 


„ ?. UUman and R. R. Bnrtoer, /. Am. Chm. Son., SI, (01-111 (11(5) ; C. A., 8, 4154. 
BOP page 302 for a diacuasion of this reaction. 
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cases cite its use in reactions effected with heterocyclic compounds of 
nitrogen. Although Friedel-Crafts reactions of nitrogen ring compounds 
with acyl halides have been reported,^ similar condensations do not occur 
with alkyl halides. This is also true of nitro compounds; whereas nitro 
compounds containing highly activating groups do undergo Friedel-Crafts 
reactions with acyl halides;^ like condensations with alkyl halides have 
not been reported. 

Nitro compounds. — The nitro group has a decidedly inhibiting effect 
on Friedel-Crafts alkylation. Nitrobenzene undergoes a reduction-chlori- 
nation reaction with isopropyl bromide or isobutyl bromide and alumi- 
num chloride.**® A solution of 4 moles of nitre^benzene and 0.6 mole of 
isobutyl bromide was treated with 1 mole of aluminum chloride, cooled, 
and allowed to stand for thirty days. From the reaction product wa.s 
obtained the unused nitrobenzene, 10 g of o-chloroaniline and 8 g of 
p-chloroaniline. In a similar experiment in which the reaction mixture 
was heated at 65-75° for 6i hour.«, and then allowed to stand for three 
days at room temperature, there was isolated 11 g of o-chloroanilinc and 
4.5 g of p-chloroaniline. In an analogous ex[>eriment with iso])ropyl bro- 
mide, 1.5 g of a mixture of o and p-ehloroanilines was secured. Witli 
ethyl or methyl bromide only unchanged nitrobenzene was obtained. 

In an attempt to prepare nitrothiantiircnc from nitrobenzene, .sulfur 
chloride, and aluminum chloride, only a black, eiirbonaceous product was 
obtained from which no well characterized compound could be isolated.^®® 
On the other hand, benzene and sulfur chloride with aluminuin chloride 
smoothly react to yield thianthrene (see p. 163). 

Aryl amines. — Benzal chloride eondenses with 3,3'-tetramcthyldi- 
aminobiphenyl and aluminum chloride with n^plaecment of both chlo- 
rine atoms to give 3,6-tetrametbyldiammo-9-plicnyl fluorene^®*: With 

(rHa)jN N(CH.)a (CHa)aN N(Cll4)i 



+ C 

/ \ 

Cl Cl 11 CaUft 

\ / 

C 

/ \ 

H CoHa 

1 mole of the amine and 1 mole of the halide, 2 moles plus 10 per cent 
excess of aluminuin chloride wa.s used. The condensation was effected 
by heating under reflux for about six hours. 

1 paae 386. 
tHei* puKti 379. 

GiltJian, 11. H. lluiiiiu. N. O. Cullowiiy, und J. A. V. Turok, Jr., J. Am. Chtm, Siuc., 57i 
M7-B08 (IliaS). 

^K. Rom, Diwprtutioii, Marburr 1013, p. 84. 

^S. Duih. /. C/im. Soc.. 1171-1184 (ifio). 
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DialkylunilinoR condense will) benzaiiili<limidn cliloride to i^ive hulof^on 
replacement prodiifts which, upon hydrolysin, give the corresponding 
dialky laminobenzophenoncs/'*^ The condensation j>rocecds; 

R.NC.H, + C.H. . CCl : N . C.H. 


C’.ll. . C’( : N CiU.) . C.Hi . NR, C,H. . CO . C,llj . NR, + NII,C,IT. 

Dimethylamino-j diethylamino-, 4'-nitro-4-dimethylamino-, 4'-nitro-4-di- 
cUiylainino-, and 4'-brorao-4-ilimothylainino-benzophpnones were thus 
obtained in 80, 70, 50, 50, and 70 per cent yields, respectively. 

The reaction has also been a])plic(I to the production of ketones from 
dimcth 3 d-o-,-m-, and -p-toluidine, diethyl-o-toluidine, diinethyl-oc-naph- 
tliylainine, benzylinelhylaiiiline, and benzyletliylaniline. I'^ry ether is a 
better solvent for the reaction than is carbon disulfide.^®^ 

When tripheiiylchloromethane is condensed with diphenylamine in 
the absence of a catalyst, 4-anilino-tclrQpheuylmethane (m.p. 242^), is 
obtained 



If the condensation is effected in the j)resence c)f aluminum chloride, how- 
ever, the reaction takes a different course. In this case a diarylamine 
Im.p. 350® j, probably of the following structure, is secured: 



ll'e substance is believed to be p-diphenylinethyl-p'-phenylaminobi- 


r' ChBubal, /. Chem. Soc., 650-651 (1662 ) 

“* S' W«25;5 “S'* \ lohfcpora. /. Chem, Soc.. S64-866 (1685). 

Wirtknd. B, tkdgtm, madT, J. Albert, Bor,, 62, 888-868 (1916). 
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phenyl, and has l>een clainiod for use as rubber antioxidant.^"^ Similar 
products may be obtained from other triarylmethyl halides, such as tri- 
tolylmethyl chloride or tris f diphenylracthyl) chloride, when caused to 
react in the presence of aliiminiiin chloride with diaryluiuincs such as 
diphenylaminc, phenyltolylaniinc, phc'nylnaphihylaminc, or phenylxenyl- 
amine. The reaction is not limited to diarylamincs, for dialkylanilines 
undergo like condensation. The iirodiicts may be used as dye inter- 
mediates or antioxidants.^"" 

The condensation of dimcthylaiiiline with ohiorophenylanthrone in 
carbon disulfide solution in the presence of aluminum chloride gives 
dimethyl aminodiphenylan throne (in.p. 215°) according to the scheme 





r Y^l 4 Iin 

rsfis Cti\A . N(rnah 


Diethylaminodiphenylanthrnne is secured similarly The chloride of 
anthraquinone undergoes like reaction with dimethylaniline to give tetra- 
methyldiaminodiphenylanthrone, m.p. 278^ : 


f> 

I 


r, 


"',^1 

. N . Ct}U CtJU N friTi)a 


Tetraethyldiaminodiphenylanthroiie (mp. 218°) is also prepared with 
ease in a similar manner.^" 

Dimethylaniline has been condensed with 3-chloro-l,2-bGnzisothiB- 
zole-l-dioxide (pseudosaccharinic chloride) in the presence of aluminum 
chloride to give a normal chlorine-replacement product, 3-(dimethylani- 
lino)-l,2-bpnzisothiazole-l-dioxide (m p. 221°), probably according to 
the scheme""®: 


n 


c 

r8H4 N + 

SOa 


(CFTi)aN . CaH. 


A\CU 


r»TIiN(rtla )2 

I 

r 

Palla N + HCl 

\ / 

HOa 


The condensation of dialkylanilinrs with 9-chloroacridine in the pre*^- 

B. P. 1,902,115 (1988) to A. W. Cunpbdl (to B. F. Goodrioh Co.); Brit. Chem. 

1070 (1088). 

B. P. 1,950,079 (1004) to A. W. OBinpbdl (to B. F. Goodrlrh); 0. A., 21, 1079. 

X'liT* Comvt rend., 128, 1400-1407 (WOO)* /. Chem Sor. Abt., 76 (I). Ml (1890).^ 

* A. Hallv lad A. OmrotjCpmjrt. r^.. iSt, Ot-UT (IMN); 1. Cfcm floe. Abi., M (1). MB Cl''"’' 
^P. Fritnob, Bar., 29, 2890-2801 (UOI). 
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cnee of aluminum chloride results in formation of 9-(dialkylaminophenyl) 
acridines,*^ 

Aiyl amides. — ^The alkylation of N-acyl derivatives of aromatic 
amines takes place readily in the presence of aluminum chloride.^^^ 
Acetanilide with fcrf-butyl chloride and aluminum chloride in 1^-di- 
chloroethane solution gives a 94 per cent yield of p-^ert-butylacetanilide: 


NllCOCila 


NHCOCUa 



(CJiia).ca 



4HC1 


C(CHi)a 


In llir huinc way, rondensation was elTccted with acetanilide and iso- 
propyl chloride, sec-butyl rhluridc and isoamyl chloride. 

Ring compounds of nitrogen. — 4-Aniinoanthraquinoncacridunc and 
a-chloroanthraquinone condense in the presence of aluminum chloride 
with halogen replacement to give 4-a-anthraquinonylaminoanthraqui- 
nuiie-l,2-acridone 



CO 

/ \ 

ClCnHs CdH4 

CO 



CsHs CsHt 

\ / 

( O 


Aliiininuin chloride may be used ns catalyst in condensations with 
henzselenazoles. Interaction of 1-tliiolbenzselenazole with 1-chlorobenz- 
thiazole and aluminum chloride in carbon disulfide yields 1-benzthiazyl- 
1-henzselenazyl sulfide, claimed for use as an accelerator in the vulcani- 
zation of rubber.®®* 


Compounds of Sulfur 

In spite of the fact that organic compounds of sulfur are easily decom- 
posed and resinified by aluminum chloride, the catalyst has been found 
UKcful in Friedcl-Crafts condensations with sulfur chloride.* In some 


N. a. Dro«Kiv; C, A., 34, 1334 

2 C1W7), C. A., 31, 7894; U. 8 . P. 2,992,972 (1937), C. A.. 31, 7888; U. B. P. 

406 HM 1 C. A., 31, 7893; ali to B Hoifltein (to il. B. Indiutrial Aloohol Go.); Bntinh P, 

(iB80)^ Bnt. Chem, dbi.-B, 7M (1987); French P. 811,882 (1887), C. A., 32, 598; both to 
inuuitrial Alcoliul f’o. 

U), Kailnwike \iiim Meitfter, I.in-iiw and Biuniog); /. Ctirui Sot. 1(H 

Bntwh p. 404,602 (1988) to Wincfdot Gorp.; Bnt. Chun. AbHracta-Bf 81 (1939). 

S<‘e page 183. 
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cases it has catalysed the smooth condensation of thio- compounds with 
acid halides.t In Friedel-Crafts alkylations, however, it has been of little 
value. Resinification usually occurs before condensation can be effected; 
if the eiqjected reaction product is formed it is only in very small 
amounts. 

Normal Friedel-Crafts condensation has been shown to occur with a 
thiophenol ether and diphcnyldichloromethane. By the action of 10 g 
of aluminum chloride upon 12 g of the halide and 6.5 g of phenyl methyl 
sulfide in 100 cc of carbon disulfide there results p-(niethylmercapto)tn- 
phenyl carbinol (m.p. 67") according to the scheme*®^: 





2,5-Dichloro-2,5-dimethylhexune condenses with thiophcnols to give 
diaryl dithio ethers, the reaction with thiophenol proceeding tlni.^.; 

til, (’ll, 

(CH,),C(CI)CH,(’H,(CI)C((M 1 ,;, r.lliS . i’ . CILC’II, . K . (’.11, 

AK'la I I 

CHa CH> 

The thiocresols reuet aiiulof^ouNly.®"”^ 

Friedel-Crafts condensation of thiophene with alkyl halides may In* 
effected, but in very low yields. In 188G, Schleicher was able to iso- 
late a small amount of isopropylthiophcne, an oil b. 153-154°, by adding 
aluminum chloride in small ])ortioiis to a mixture of thiophene and iso- 
propyl bromide dissolved in light petroleum. Much resinification occiirrcfl 
during the reaction. 

The use of tin tetrachloride, a milder catalyst, permits condensation 
of benzyl chloride with thiophene, witli formation of little resinous mate- 
rial. Diphenylthienylniethane, lu. 65°, and dibenzohydrylthiophenc aic 
secured as reaction products, the latter in 50 per cent yield. 

The action of bcnzal chloride on thiophene in the presence of alumimini 
chloride gives a small yield of plienyl-di-z-thicnylmcthanc 



\/ 

K 


UJliGUCU 


HC CH CeHi HP CH 



I \/ 


8 U 8 


+ 2HC1 


t»Vi‘ page 375. 

^ K UmiiJ ttiiil W / praU, VUtm . 107, aJiO m) (IBiM); r A , 10, 2r.l» 

II. A RriiiHilj ami .T W. J. Am ( tuvi, B*k » f2, M*44 (IlilO) 

»»>K Svbleielicr. 1^ 073-674 (1880), / Chtmi Soc. Abu,, 534 (1886) 

«»Q. SUdmkov ami t. Guldfatb, Btr., 01. 2341-2342 (1028); C. A., 23, 1400 
o«A. Tohl and A. Nakka, Bvr., 21, 8300-2207 (1820). 
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TIu* saino pnaliiei; Ik also ohtninpd by pondcnsation of bpiizolrirlilnriclr 
lAilli lliinplieiip Hiul fibiiiiiiMiiii chlor'ulc.^'*" No trillupnylphrnyliiirthanr 
rnnnrd in Iho rcaolion. 

The pi'ppamLion of niirilps by coiiilpiihalinii uf aiiiiimtic byilrocarbtms 
with freshly prepared cyanogen bromide in the presence of aluminum 
chloride has been extended to thiophene.®^*^ An excellent yield of thio- 
phene nitrile was secured. The condensation probably occurred with sub- 
stitution at the 2-position: 



HC cu 




+ BrCN 


Airis 


nc CH 

II II + HBr 
iir r . CN 

\ / 

s 


The reaction has also been shown to yield a small amount of bronio- 
tliiophene.®^* 

Aromatic hydrocarbons condense .smoothly with phosphorus trichloride 
in the presence of aluminum chloride to give aiylchlorophosphines.®^- 
An attempt has been made to apply the reaction to thiophene®^’: 


nr rii 

II II + r(i. 

nr CH 
s 


AlCh 


iir CH 

II li + HOI 

HC C . PCb 

\/ 

6 


Altlinngh the experted thiophene ehlorophosphine was secured, the yield 
was so poor that the reaction is not suitable for the preparation of large 
amounts of the compound. 


Ring Compounds of Oxygen 

Although unsubstituted furan has not been reported to undergo 
Friedel-Crafts alkylation with alkyl halides, furan has been ascribed 
super-aromatic properties in that the condensation, typical of aromatic 
compounds, occurs with furana in which decidedly negative substituents 
arc present.®^* It has been pointed out that substitution becomes increas- 
ingly difficult in the scries: pyrrole, furan, thiophene, benzene.®^® 

The relative aromaticity of furan has been studied by means of apply- 
ing various unit processes to it. Nitration, bromination, and sulfonation 
fe'how that furan is more aromatic than benzene, toluene, or anlsole.®^® 
However, amino- furans have been found to have less aromatic prop- 
erties than do aromatic amines. On this basis, Stevenson and Johnson 


MO p 

•uaiin, 

DM ^ 

H. 

ISIS -JI 
iwoj- 


Nahko, Upr 30, 0041-1041 (1807). 

Knrrer uid M. ZaIIm*, Helv. Chfm. Arta, 2, 482-486 (1910). T A.. 14, 748. P. Karrer, A. 
and E Zdler, Htlv. CAim. Ae(n, 3, 261-272 (1020); /. C/um. Sor. Ahn., lU (I), 880 (1020) 
Ann., 430, 80 (1028). 

SlnK i"* » n*®®): 

% 1814-1818 (1802). 

0. CBUoway, /. Am. C/wm. Soc.. 55, 4107-4205 (1088). 

M Acea, 13, 840-886 (1030); cTz., 1930, II, 300. 

M. Strain, Joiaa Stole College / Sci., U, 118-117 (10!^. 

B. StevMuon and J. R. JoIuikmi. /. Am. Chtm. Soc., ». 2828-2882 (1037) 
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attribute to furan only weakly aromatic properties rather than siiper- 
aroinaticity. 

Aluminum chloride has been found to be an especially efficient catalyst 
in the alkylation of furans, the order in decreasing efficiency of several 
catalysts investigated being: aluniimini chloride, ferric chloride, and stan- 
nic chloride,®** Although in the alkylation of aromatics, a trace of the 
catalyst is generally sufficient to effect reaction, for the furans a molec- 
ular equivalent of the catalyst must be used. This is comparable to the 
molecular equivalent of catalyst required in Friedel-Crafts acylation of 
aromatics. Aluminum chloride is not an effective catalyst for acylation 
of fUTBOB. 

In the alkylation of furan derivatives, the entering alkyl group gener- 
ally takes an a-position if it is available. AVith di-«-subslituted furan*-, 
the position taken by the entering group is dependent upon directive 
influences of the substituents already present. For example, if in a di-«- 
substituted furan one of the sub-^tituents is an ortho, poro-director in 
benzene, and the other a weta-director, the entering group is directed to 
the )9-position contiguous to the ortho, para-director.®*® Exceptions to 
this rule of orientation have been found to occur, however, and will bo 
noted later. 

Gilman and Calloway •'”* have demon'-trated the super-aromaticity of 
furan by alkylating furan ester*-, ncid.s, ketones, and aldehydes. In the 
aromatic series, these reactions occur onlv with those compounds, r r/ . 
derivatives of phenol ethers or of polynuch'ar compounds, which have 
pronounced aromatic characteristics. AVith aluminum chloride as cata- 
lyst, in carbon disulfide solution, 2-furyl phenyl ketone condenses with 
terf-butyl chloride to give 5-terf-butyl-2-furyl phenyl ketone, in 30 per 
cent yield: 


HC CH 

11 11 4 (CHdiC.ri 

HC c-c cai. 

\ / II 

O 0 


HC CII 

(CH.),(' . I' Hj-O-CiH. 

VA 


+ iin 


2-Furoic acid was likewise alkylated with n-butyl chloride in the 
presence of an excess of aluminum chloride to give a 6 per cent yield of 
5-tert-butyl-2-furoic acid. Hero the entering substituent also goes into 
the free K-position. 

The same type of condensation occurs with furoic esters. Although 
no reaction occurs with methyl or ethyl halides, methyl 2-furoatc has 
been condensed with other alkyl halides in the presence of aluminum 
chloride and carbon disulfide, with cooling, to yield the indicated prod- 
ucts: 

“*B. Gilman and E. Biutnar, J. Am. CAem. Sot., 57, MW-Ill (1515). 

«• B. Oilman, N. O. Callaway, and B. W. Smith. /. Am. Clkom. Sue., S5, ttO-Sll (ISM). 
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Alkyl Iwiida Pii>duc( % Yi^d 

fi-Fropyl ohlohde methyl 5-uopropyl-2-furoate 48 

Isopropyl chloride methyl 5-isopropyl-2-furoate 42 

n-Butyl chloride methyl 5-tert-butyl-2-furoate 45 

leobutyl bromide methyl 5-tert-butyl-2-furoate 66 

«ec-Butyl bromide methyl 5-tert-butyl-2-furoatG I A 

fcerl-Butyl bromide methyl 5-tert-butyl-2-furoule 46 

n-Amyl chloride methyl &4myl-2-furoate 31 

71-Hexyi bromide methyl 5-hexyl-2-furoate 571 


Here the entering substituent also takes the free a-position: 



11 (; c-c 
\/ \ 


O OCIli 


+ ItX 


AlCh^ 





O UCHi 


+ UX 


The ruiidensation of ter^-amyl halide with ethyl 2-furoatc likewise 
gives the 5-alkyl derivative, ethyl 6-fcrf-aiiiyl-2-furoate, in the presence 
i)f aluminum chloride in carbon disulfide solution. In like manner, ethyl 
r)-n-methylcyclohexyl)-2-furoate is obtained.®^® 

In the alkylation of brominated ethyl furcates with higher alkyl 
halides, it was noted that the higher alkyl groups are cleaved and 
rearranged during the reaction.®^^ Thus, alkylation of ethyl 5-bromo-2- 
furoate with n-, iso-, and ferNbutyl halides gives the same product, ethyl 

4- ferf-butyl-5-bronio-2-furoate. Unexpectedly, the product of the alky- 
lation of ethyl 5-brom()-2-furoate with n-amyl chloride, n-hexyl bromide, 
and 7i-octadecyl bromide is also ethyl 4-ferf-butyl-6-bromo-2-furoate. 

Cleavage-rearrangements in Friedel-Crafts alkylations were further 
investigated.®^^ Preceding work was substantiated by the fact that ethyl 

5- bromo-2-furoate with n-octadecyl bromide and aluminum chloride was 
luund to give a 46 per cent yield of ethyl 4-icri-butyl-6-bromo-2-furoate; 


4 (t 3 Hj)aC 

Br'^\/'‘COjCaii COjCsHs 

O 


Another unusual phenomenon was observed in the alkylation of ethyl 
5-bromo-2-furoate with n-amyl bromide. Here cleavage and rearrange- 
ment took place, but there was also replacement of the furan bromine, 
that substitution occurred in the 5-position. Ethyl 6-fert-butyl-2- 
fiiroate was thus obtained in 31-40 per cent yields. By varying reaction 
conditions it was found possible to obtain either a mixture of ethyl 6-tert- 
hutyl-2-furoate with ethyl 4-/eri-butyl-5-bromo-2-furoate, or the latter 
compound exclusively. Bromine-replacement was traced to the influence 
uf the ferric chloride content of the aluminum chloride used. 

In the alkylation of ethyl 4-bromofuroate with n-amyl chloride the 


HDMDborg, and B. Kberhardt, Hslv. Chim. Acta, Up 721-724 (Utt); 

?■ Burtn^ /. Am, Cfum, Sor., 57, 002-012 (lOU). 
and J. A. V. IW, /. Am. Chem. Sac., 11, 470-478 (1080). 
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bromine atom waa removed, but it was not replaced. The product was 
ethyl 5-fert-butyl-2-furoate. Cleavage of the amyl group had occurred. 
Since ethyl 2-furoate alkylates without cleavage, the bromine atom must 
have been removed after the alkylation and not before. 

In order to clarify the mechanism underlying cleavage in Friedel- 
Craftfi alkylations of furans, ethyl 5-broino-2-furoate w'as alkylated with 
a number of higher alkyl halides. In every case ethyl 4-fprt“butyl-5- 
bromo-2-furoBte was obtained, the yields varying with the alkyl halide 
used: 


Alkyl helide ueed 

butyUS-bionio- 

n**04Hod 

26 

t-C*E^r 

15 

Ti-CsHuCl 

15 

i-CJEiiCl 

G 

i-CiHiiSr 

20 

n-CeHul 

25 


20 

Ti-CtHiaBr 

6 

Ti-CiiHmBr 

13 

n-CiiHasAr 

20 

n-CisHarBr 

46 


It was concluded that the ferf-biityl radicals did not come from the funin 
ring itself and that the 4-carbon radical was the result of cleavage of the 
alkyl halide probably during, or simultaneously with, the alkylation. 

In the Friedcl-Crafts reaction of 2-furfiiral with i.sopropyl chloride, 
the identity of the product could not be cslablishcd at first Later;'-* 
it was ascertained that the alkylation had taken an anoinalouh course, 
the reaction product being 4-isopropyl-2-furfural. Here, in spite of tlie 
fact that a ii^e a-position was available, the entering alkyl group luul 
gone into a ^-position. 

This was all the more contradictory because, in alkylation of 2-fui- 
furul with butyl or amyl chlorides, the alkyl group was later introduciMl 
into the S-position. In the alkylation of 2-furfiiraI with tliesc higher 
alkyl chlorides, however, the predominating product i.solated is the one 
in which the alkyl group is most highly branched. That is, n-, iso-, and 
/ert-butyl chlorides all give 6-fer/-butyl-2-furfural. During alkylation 
of 2-furfural, the aluminum chloride doubtless has an isomcrizing effort 
In the reaction with isopropyl chloride, the alkyl group may have fn>t 
gone to the 5-position, and w^as then subsequently rearranged to tli(‘ 
4-position. This supposition, however, was not borne out when S-iso- 
propyl-2-furfural was treated with aluminum chloride; here no rearrange- 
ment was noted."^^ 

Little is known concerning condensations of polynuclear ring com- 
pounds of oxygen with alkyl halides and iiliiininuin chloride. It has been 
elamieil, however, that diphniylcue oxnic may be condensed witli chhni- 


Gilirifui* M. McOirkle, Bnd N. O. Calloimy, J. Am Chrm. 8or., H, 745 (1W4). H, Oilin.in 
K, O. CnIlowBy, and R. R. Burtner, Ibid; S7. 50^^907 (1W5) 

^ H, GUman and R. H. Burtner, /. Am. Chem, Hoc • 57, 1100-912 (1085). 
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iiiited parafliu in flic prcsonro of aluminum rhlnridc to give a viHoouH oil, 
which reduces the rungoaling poiul of liihrirating oil.""'’ 

Diphenylene oxide rrnctH with 2,5-dii‘hloro-2,5-dimcthylhexane and 
aluminum chloride, with the iulroduetiun of a new hydruaromatic cycle 
or cycles into the aromatic nucleus."'* 

German V, 0M,6O2 (IBM) to F. Ilofniami anti E. Dictzrl ((o Olterochnificher Bprs und Hulten* 
niimniBchw Verem); C, A , 3792. 

A. Bruflon and J. W. Krueger, /. Am. Chem. Soc., 62, 96-44 (1940); see p. 422 for aoalogoiu 
rwirlinn with phenols. 



Chapter 6 

Friedel-Crafts Syntheses. 

Part 2. Ketone Syntheses 

Scope of the Reaction 

Acyl halidea react with aromatic hydrocarbons in the presence of 
aluminum chloride to yield ketones: 


RH + R'(’OCl 


AlCIi 


R 

+ Fin 

/ 

R' 


The reaction is general for mono- and polynuclear hydrocarbons and foi 
halogenated hydrocarbons, phenols, and phenol ethers. Electronegative 
groups, when substituted in the hydrocarbon component, have an inhibit- 
ing effect on the reaction. This retarding tendency is especially evidenced 
with benzene and mono-alkylated benzenes, substitution of the acyl group 
in the nucleus of benzophenone, benzoic acid, or nitrobenzene being com- 
pletely prevented. It is not so pronounced with negatively substituted 
polyalkylated benzenes, phenols, or phenol ethers. Here the presence of 
the activating alkyl, hydroxy-, or alkoxy- groups may diminish the 
inhibiting tendency of the negative groups to such an extent that Friedel- 
Crafts acylation takes place. The presence of negative groups in poly- 
nuclear hydrocarbons also does not have as inhibiting an effect as in ben- 
zene, the high aromaticity of the polynuclear reactant in itself often 
having a sufficiently activating effect to permit substitution. To an even 
greater extent this is also true for such highly active heterocyclic com- 
pounds as thiophene and furan; although phenyl benzoate resists acyla- 
tion, furan esters readily undergo the reaction. 

Substituents in the acyl halide component do not have so great an 
effect; thus, although o- or m-nitro'benzophenoneB cannot be prepared bv 
reaction of nitrobenzene with benzoyl chloride, they can be prepared b^ 
condensation of o- or m-nitrobenzoyl chloride with benzene. It has been 
shown, however, that the presence of negative groups in the acyl hnlid< 
has a retarding influence, but that it is not so pronounced as the prescnci 
of negative radicals in the aromatic compound which is to be substitiitcd ' 

The order of reactivity for acyl halides in the Friedel-Crafts ketone 
qmthesis has been found by Calloway * to be acyl iodide > acyl bromide 


«B. C. J. OUrfar, Hit. trav. thm , J3, SM-llI (MM): 0. A., I. 411 
■H. 0. Oklloway, /. Am Ctum. Sot , U74-Mn (IMT) 
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> aoyl chloride > acyl fluoride. This is just opposite to the order deter- 
mined for alkyl halides in Friedel-Crafts aUcylatioiu. 

Since the reactivity of both the aromatic compound to be substituted 
and the acyl halide is a factor in ease of reactioni generalities concerning 
the scope of Friedel-Crafts ketone syntheses are difficult to formulate. 
The synthesis is more or less applicable to the whole field of organic 
chemistry. Originally considered to be limited to the aromatic scries, it 
has been extended to tlie acylation of aliphatic compounds.* 


Theoretical Discussion 

Essentially, the ketone synthesis differs from Friedel-Crafts alkyla- 
tions in that it requires at least a molecular quantity of aluminum chlo- 
ride with respect to the acyl halide, whereas alkylation requires only 
catalytic amounts. This is probably due to the fact that acyl halides 
form comparatively stable molecular complexes with aluminum chloride, 
(lierehy diminit>hing its catalytic effect. A discussion of the role of com- 
plexes ill Friedel-Crafts ketone synthesis and a resume of physico-chemi- 
cal studies of the reaction is given here. An interpretation of ttiis work 
in the light of electronic concepts is also found in the more general chap- 
ter on mechanisin of reactions catalyzed by aluminum chloride.^ 

The mechanism of Friedel-Crafts ketone synthesis has been studied 
more extensively than that of other Friedel-Crafts reactions. This is 
probably due to the fact that aluminum chloride forms well-characterized 
complexes with acid chlorides and with the ketones produced. Although 
it has nut been definitely shown that complex formation is a primary 
requisite of all Friedel-Crafts reactions, early investigators took advan- 
tage of the well-defined addition products formed as a means of tracing 
the mechanism involved. 

According to Gustavsoii,^ acyl halides, when acted on by aluminum 
chloride, evolve hydrogen chloride; an unsaturated radical containing 
oxygen is produced, and remains combined with the aluminum chloride. 


AkCU + 4CAOC1 * AldCI..CAO. + 4HCI 


Kronberg ^ regarded the constitution of the additive compound of ben- 
zoyl chloride with aluminum chloride to be C(jH8CCl2.0.AlCl3. Accord- 
ing to him, this reacts with benzene to form the additive compound of 
hciizophenonc and aluminum chloride which he formulated as CfCaHa)^- 
t'1.0.AlCl3. The latter was said to be decomposed by water into benzo- 
idicnone and aluminum oxychloride. 

The majority of the investigators, however, believe that the additive 
compounds of aluminum chloride have the composition RCOCLAICU. 
Boesuken ‘ reports that acetyl chloride combines with almninum chloride 
in carbon disulfide solution at —10®, giving the additive compound 
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CHaCOCLAlCls- It is a non-crystalUEable, yellow syrup which inter- 
acts with bensene in carbon disulfide solution to form the compound 
COCeHfi.CHsAlCla, melting at 64°. This, when decomposed by water, 
yields acetophenone. 

Well^de^ed crystalline compounds of aluminum chloride with acyl 
chlorides having the compostion RCOCLAlCla have been reported and 
investigated by Menshutkin," Perrier,^ Boeseken,^ and Olivier.® 

Perrier ^ attempted to explain the function of aluminum chloride in 
this reaction by assuming that the formation of ketones takes place in 
two stages: 

(1) 2RCOC1 + AUCU > (RCOCl).AliCU 

(2) (RCOC])j,,AIiiCl. -h C.H. > 2HC1 + (KCO.C«H..,),.Al2riH 

He considered that the synthesis proceeded best when the additive com- 
pound of acid chloride and aluminum chloride was prepared first, and 
the hydrocarbon caused to react with the complex thus obtained. 

Perrier and Caillc have worked out a process for the separation 
of isomeric naphthyl ketones obtained by Friedcl-Crafts reaction which 
depends upon the difference in stability and solubility in carbon disul- 
fide of their aluminum chloride addition products. 

Boeseken ® postulates a similar scheme, and assumes that the reaction 
proceeds in three stages: 

(1) RCOCl + AlCU > HCOCl,AlCh 

(2) RCOCl .AlCh + HR' > RCOR'AlCh H- HCl 

(3) RCOR'AlCh + 7im/0 » RCOR' -h AlCh.nHjO 

Here HR' represents an aromatic hydrocarbon or one of its derivatives, 
e.g,f alkylated aromatics or ethers. 

In the condensation of acyl chlorides with aromatic hydrocarbons 
or their derivatives, para-substituted ketones are almost invariably 
produced. This appears to be caused by the directive influence of the 
aluminum chloride, which Boeseken suggests is unable to form com- 
pounds of the type R.COfAlCl 3 ).C 4 ;H 4 A^, where the substituent X is in 
the ortho-position to the carbonyl. 

The existence of aluminum chloride complexes with acetophenone 
and with benzophenone has been confirmed by Menshiitkin.^® The 
complex with acetophenone, CrtHttCOCHji.AlClft, crystallized slowly and 
easily became resinous; it was, therefore, investigated only qualita- 
tively. On the other hand, the complex CeHnCOCeHs.AlCla appeared to 
be a definite compound, crystallizing in very long yellow needles which 
melted at 130^^. In summarizing his studies on binary mixtures of 

«B. N. MiiiMhutkJii, J. Huha. PW-C'Wi. 8qc., 42, 1010-1818 (1010); C. A., 6, 780. 
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uhiiuinuTn chlorifio, MonKliutkiii pnintR out tlmt Rinco roiuploxos of 
Hliiminiiin dilorirlr arc hu of! on rcHflily cliaraclorizofl liy tlionnal ntudios, 
this method affords an offrrtivc incHti.^ of shidying (lie kniotics of Friedel- 
Crafts reactions. From studies deuliiif' with use of antimony tribromidc 
or trichloride as catalyst he concluded that the first phase of the reac- 
tion between an aromatic hydrocarbon and an acyl halide in the 
presence of a metal halide is the formation of a complex of the hydro- 
carbon and the catalyst, and that the second phase of the reaction con- 
sists in the action of the acyl chloride on this compound, with liberation 
of hydrogen chloricie and the formation of ketone in combination with the 
catalyst. 

Dilthey^® draw’s a parallel betw’een the aeetoacetic ester synthesis 
and the Friedcl-Crafts synthesis, advancing the following scheme for 
Friedel-Crafts ketone synthesis: 



Here only the underlined molecule of aluminum chloride has a catalytic 
effect. According to this scheme, the use of more than one molecule of 
aluminum chloride is indicated; the first molecule is tied up in the 
R.C:O.A1C1 b complex; a slight excess, however, catalyzes condensation. 
If Dilthey’s explanation is correct, then the use of 90 to 95 per cent 
aluminum chloride would give no reaction. As a matter of fact, the 
degree of ketone formation is practically proportional to the aluminum 
chloride content.^® 

Previously, Schaarscliinidt had also postulated a complex in wdiieh 
Oie formation of a dihydrobenzene was assumed. 


CI,A1 



Secondary reactions occur between this product and the metallic chloride, 
MO that stoichiometric amounts of aluminum chloride are required for 
reaction to occur. 
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ArcordinK to Prins,*^ diliydrolienzenc resinifies upon treatment with 
aluminum chloride; hence it cannot be an intermediary in Fricdel -Crafts 
reactions. Prins believes that under the influence of aluminum chloride 
bensene acts as if it had a mobile hydrogen atom, and compares the 
C-H group in benzene to an 0-H group in alcohols. 

Physico-chemical studies. — Steele made a dynamic study of the 
Friedel-Crafts ketone synthesis. He concluded that the reaction is uni- 
molecular when less than one mole of catalyst is used, if the hydrocarbon 
is in large excess. However, in the presence of an excess of the condensing 
agent, the reaction, instead of being unimolccular, becomes bimolecular, 
and is best explained by assuming that the reagents are two interme- 
diate compounds, each containing aluminum chloride. Steele followed the 
course of the reaction by passing a rapid current of hydrogen through 
the reaction mixture and titrating the hydrogen chloride thu.s carried 
over. He plotted a curve for the dcsaluration of a saturated solution 
of hydrogen chloride in the aromatic hydrocarbon, and corrected hi.s titra- 
tions by adding the amounts remaining dissolved at corresponding tunes 
as read from this curve He “ reached the following conclusions : 

1. The mechanism suggested by Perrier and Boeseken is well 
established, provided the ratio of aluminum chloride to arid 
chloride is not greater than unity. The reaction is unimoleculur 

2. In the presence of an excess of aluminum chloride, the reaction 
is best explained as being bimolecular, the reacting species being 
two intermediate compounds, each containing aluminum chloride. 

3. The action ceases at a point when all the metallic chloride is 
withdrawn from the system as a component of the final product 

Olivier advanced the same theories concerning the meehanism of the 
reaction, i.e., that the acyl chloride first forms an additive compound with 
the catalyst. He studied the velocity of the reaction by taking samples 
of the reaction mixtiure at diflerent time intervals and determining the 
unreacted benzoyl chloride. The results of the experiments show that 
the reaction is monomolecular, and that the yield is based on the quantity 
of the minor component. The data for different concentrations of alumi- 
num chloride (0.1 and 0.2 mole) show that Kos/Ko.i = ^ 1.30. The 
method of measuring the progress of the reaction was as follows: an 
accurately measured sample was pipetted off and dropped into excess 
dilute caustic. Hydrolysis was completed by boiling for one hour under 
reflux. After acidification, the benzene was removed by heating. Tlio 
solution was then extracted with ether and each extract washed carefully 
with water. The wash water was returned and extraction continued. The 
ether layers were united, evaporated, dissolved in 05 per cent alcohol and 
the benzoic acid titrated, using phenolphthalein as indicator. The titer 
is the measure of the imreacted benzoyl chloride. The use of an excos- 
of benzoyl chloride in the reaction was found to be without material 
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influence on the velocity of the reaotion or yielJ of the ketone Olivier 
found the reaction constant of the reaction 


OiHaCOOLAICU ^ C.,Hn 


CnlhCOCnTi,A\CU ^ HCI 


to be in good agreement. 

Martin and co-workers 22 found Rteele^s method to be more rapid and 
convenient than that u«^ed by Olivier, in whose study of the reaction 
benzene with benzoyl chloride the benzoyl chloride had to be hydrolyzed 
and the benzoic acid extracted with ether for titration. Martin and 
co-workers found that the removal of the acid from the solution was 
much slower than Steele had supposed it to be and they recalculated 
his data They investigated mixed catalysts covering a wide range of 
coinpohition of aluminum chloride and ferric chloride. At comparable 
concentrations the activity inoroRBcs with increasing mole percentage of 
ferric chloride and reaches a maximum at percentages in excess of 50 
mole per cent The mixed catalj'^sts have hevn showm to produce less 
lhan one mole of product for each mole of total metal chlorides present. 
It shown that the catalyst is removed in the form of a bimetal 
complex with the reaction product, such as CnHnrOCnHiCHs.AlCla.FeCla. 
In an AlCla.FeCla catalyst containing 16 4 mole per cent of ferric chloride, 
the ratio H(1/AlCl:i is very nearlv unity, which agrees wuth the 
ineclianisin that the ferric chloride is combined as CoH.'iCOChHiCHh.- 
AiCbFcCln, wdiile the remaining aluminum chloride is removed as 
Cnn,COCflH4CHs.AlCl,, 

Martin and cri-workers have found that the reaction velocity increases 
markedly with increase of the concentration of the reacting substances. 
At comparable concentrations, there is a large increase in activity of 
the mixed catalyst as ferric chloride is added. Gulf Refining Company 
aluminum chloride w^as much more active than could be accounted for 
by its ferric chloride content alone; its greater activity was thought to 
he due partly to the, titanium chloride w'hich it contains. 

Kinetic investigations of Friedel-Crafts ketone have been made by 
and Heyne.^® The courses of the reactions w’ere followed by 
measuring volumetrically the hydrogen chloride evolved. Wlien equiva- 
If'nt amounts of aluminum chloride and henzoyl chloride are used, the 
rate follows the unimolecular rule. The reaction was found to be 
retarded as it goes on by formation of a complex betvreen aluminum 
eliloride and the benzophenone formed. This complex is obviously more 
stable than the AlCla.CflHnCOCl complex postulated as intermediate. 

Olivier®* believed that the failure of Ulich and Heyme to obtain 
f^onsistent results was due either to failure to keep conditions precisely 
ixed, or to the use of less accurate methods for following the reaction. 
Subsequently, Ulich and Fragstein follow^ed the rate of reaction of 
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bonzrnc with riiIIr,(X)CI.AlClT at SO'*. TIio hyclrof^en rliloiide cvoIvcmI 
wan nicHsuml vnlnnirtrinilly, mihI Hu* total dilnrinc* and iiiireHrlcjl 
IjTMoyl rldoriflo in tlir liipiiit wiih mialyznl. UtmiKs wrrr in fair agrof- 
ment with tliose of Olivier, -■* althoiii^li the inereuse of the lirst urdei 
consiant with benzoyl chloride concent rat ion appears Icsb than that 
reported by Olivier. Ulieh and Fragstein found the average velocity 
constant to be 0.00172. The concentration had a certain influence on the 
velocity constant : the average of 4 measurements with less than 0 26 mole 
of the complex per liter w^as 0.00156, and that of 5 measurements with 
more than 0.26 mole per liter was 0.00183. The constants found by 
Olivier increased from 0.0023 to 0.00^156 in the range of 0 1 to 0.3 mole per 
liter. 

It has boon showm experimentally-® by the use of rudinactive alumi- 
num chloride, that an interchange of chlorine atoms takes jilace between 
acetyl chloride and aluminum chloride: 

CH.COCI -h Airi — > (CH,rov -h (aicid* 

in the absence of any third reactant or evolution of hydrogen chlornle 
It WHS therefore concluded that the first stage in the ketone ‘synthesis wa^ 
the “ionization,” under the influence of aluminum ehloride, of the eovalcnl 
C — Cl bond, with the formation of the inn (AlCU) and a positive car- 
bonium ion. 

In this connection it is of interest that recently Norris and Klcnika-' 
have shown that an interchange of halogen occurh in the reaction of acetyl 
bromide with benzene in presence of aluminum chloride Here the hydro- 
gen halide evolved w^as not pure hydrogen bromide; instead, 70 per cent 
of it was hydrogen chloride, (^mvur&ely, the reaeliun of aeelyl chloride 
and benzene in presence of aluminum broinidc resulted in the evolution 
of 77 mole i>er cent of hydrogen bromide. 

Dipole moments and molecular wTighl.s of aluminum chloride com- 
plexes with benzoyl chloride and beiizoplienone have been measurc‘d 
Data indicate a tetrahedral configuration wutli the aluminum atom a^ a 
center.2® 

Effect of solvents. — The influence of different solvents on the reaction 
of benzene with acetyl cliluride and aluminum chloride has been studied*® 
by titrating the liydrogcn chloride liberated. The speed of the reaction 
was found to der>ond on the density and volume of the solvent employed 
The following conclusions w*crc reached: 

Benzene: Maximum speed; addition of aluminum chloride to the 
precipitated mixture caused formation of a soluble complex. 

Ligroin: The speed of reaction was nearly equal to that in benzem* 
but there was appreciable falling off after the initial evolution of 
hydrogen chloride; the complex formed is insoluble. 

CAIoro- or hromobemenc: At the start the reaction is fairly rapid 

MF. Fafrliroiher, J. Chtm. Stfr , 508-506 (1837). 
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Carbon disvlfide: The reaction ia slower than the above solvents, 
but it is more regular. 

Nitrobenzene: When aluminum chloride is in suspension, the speed 
of the reaction is rapid, declining as the catalyst goes into solution. 

Calloway and Green studied the effect of solvents on side reactions. 
It was found that in the reaction of benzene and acetyl chloride, with 
aluminum chloride in carbon disulfide, the evolution of hydrogen chloride 
never ceases. The evolution of hydrogen chloride is, therefore, not a satis- 
factory criterion for judging tlie reaction conditions. The use of an insuf- 
ficient proportion of aluminum chloride tends to encourage condensation 

CHa 

of the ketones primarily formed. Some dypnone, CbHbCiCHCOCoHs, is 
formed if tlic ratio of acetopliciione to aluminum chloride is greater than 
1:1. When 2 moles of acetophenone and 1 mole of aluininmn chloride in 
carbon disulfide are present, 73 per cent of dypnone is formed at 40-50°. 
Therefore, the formation of /^-unsat urate J ketones is one of the side 
reactions to be considered in the preparation of ketones. 

As has been pointed out elsewhere in this book,* ease of reaction is 
the determining factor in the choice of solvent for all reactions catalyzed 
by aluminum chloride. As the reactivity of the compound to be substi- 
tuted is increased, better results are secured if a solvent is used which 
(jcs up some of the catalyst by forming a complex with it. Nitrobenzene 
and .^i/m-tetrachlon)etluine arc the solvents generally used in condensa- 
tions of phenols, polynuclear hyrlrocarbons, or active heterocyclic cora- 
poundh with acyl halides in |)rescnce of aluminum chloride. With less 
reactive constituents, an exces.^ of the compound which is to be substi- 
tuted is iLsed. In some cases, e.specially when tlie hydrocarbon used is a 
.^olid, an excess of the acyl halide has given good results. Carbon disul- 
lide is a useful solvent for reactions effected with slowly reacting non- 
liquid components. In acylation of benzene, even wdth such reactive 
acyl halides as p-niethoxybenzoyl chloride, better yields arc obtained if 
excess of benzene, rather than carbon disulfide, is used as diluent.’’^ 

Reaction of Benzene with Simple Aliphatic Acid Chlorides 

There are several procedures which may be used for the reaction of 
benzene with simple acyl halides. Generally, the hydrocarbon and acyl 
chloride, with or without a solvent, are gradually treated with aluminum 
chloride, and the whole wanned on a w^ater-bath until the evolution of 
hydrogen chloride ceases.'*^ Perrier’s *** modification of the reaction may 
he used, in which case the acyl rldoride is reacted with aluminum chlo- 
ride in carbon disulfide solution and then caused to react with the hydro- 
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carbon.^* Or, the aoyl chloride may be added to a mixture of beneenc 
and aluminum chloride.'” 

Attempts have been made to increase yields by varying procedure. 
Thus, an 89 per cent yield of butyrophenone has been secured from 
butyryl chloride and benzene by using Perrier's modification." 

Use of excess aluminum chloride may increase yields. Thus, to the 
product obtained by adding a mixture of 150 g of propionyl chloride aiul 
180 g of benzene to a suspension of 150 g of aluminum chloride in carbon 
bisulfide, there is added further aluminum chloride (about 30 g) until the 
evolution of hydrogen chloride has completely ceased. In this way the 
yield of propiophctionc was increased from 50 to 88.5 per cent.'^ 

The use of the indicated acid chlorides and benzene has been found to 
result in the production of tlie following ketones; 


Table 7 


Acid ehloridc 

KetoiiD 

llcf. 

Bufyryl chloride 

butyrophenone 

1 

11 - Valery 1 chloride 

\ alerophenone 

2 

wo-Valcrj'l chloride 

K'to-vaicrophenoue 

3.4 

T^Caproyl chloride 

ri-aiiiyl ])honyl ketone 

4 

Oenanthyl chloride 

ii-hexyl phenyl ketone 

5,6 

Caprylyl chloride 

ff-heptyi phenyl ketone 

7,8 

Liauroyl chloride 

laurophenone 

9 

Stearoyl chloride 

^teHropheDone 

10, 11, 12 


1. £. Burckv, Ann. ehtm. phys. (6). 26, 467 (1B82). 

£. Liiyraud, BnU. moc. chim. fv), n, 224 (1906). 

8. A. Qaus, /. prakt. ohem. (i), 480 (1800). 

4. Q. SdirooUr. Ber„ 40, 1580-1004 (1007). 

5. V. Auger, BuU. toe. ehiyn. (S), 47, 42-51 (1887). 

0. F. Krafft. Ber., 19, 2082-87 (1U6). 

7. V. Meyer end W. Hcharwia, Ber., JO, 1041-1042 (1807) 

8. W. C. Hartuiw and olhen, /. Am. Chtm. Sor., Si U17-382I (1030) 

0. 8. Kipping a^ O F. Ruaw, /. Chem. Soc., 97, m)2-508 (1805). 

10. L. A. MuMBka and athere, /. Chff. Chem., 2, 400-505 (1038). 

11. A. Claua aad H. Hafriin, prakt. Chem. (t), 54, 800 (1896). 

12. F. Seidel and O. Engelfried, Ber., 69, 2567-2501 (1036). 

Recently, interest has arisen in inrlustrial use of ketones prepared 
from higher aliphatic acid chlorides. In a patent to T. G. Farben- 
industrie," fatty acid halides containing at least six carbon atoms are 
condensed with aromatic hydrocarbons. The resulting ketones are sub- 
sequently hydrogenated for the formation of the corresponding hydro- 
carbons. The products arc sulfonated to form wetting agents and deter- 
gents. Such use of higher fatty acid chlorides makes available the 
numerous higher fatty acids for use in the production of new synthetir 
detergents. The production of sodimn dt>dccylbcnzcnc sidfonatc viu 
laurophenone is thus claimed. 

Uasaturated Aliphatic Monocarbo^lic Acid Chlorides 

Unsaturated aliphatic acid chlorides may react abnormally with ben- 
zene and its homologs, with formation of hydrindones instead of unsatu- 
rated ketones. 

MJ. BSaelHn, Hec. trap, ehim., 30, lOS-lOS (INI); /. Chem. Soe. Abe., 00 (I), 474 INI). 
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By the action of acrylyl chlonde on benzene in the presence of alu- 
minum chloride^ Moureu obtained a small quantity of a colorless sub- 
stance which he reported to be phenyl vinyl ketone. Moureu^a work was 
repeated by Kohler/® who found that the supposed phenyl vinyl ketone 
was really l-hydrindonc. This is doubtless funned from phenyl vinyl 
ketone, since the latter is easily changed into 1-hydrindone upon treat- 
ment with aluminum chloride. 

jff,j8-dimethylarrylyl chloride has been reported to condense with ben- 
zene and aluminum chloride to give isobutenyl phenyl ketone (b.p. 134- 
136‘’/12 mm) in 40 per cent yield.*^ However, previously^® it had been 
reported that condensation of ;ff,)S-dimethyIacrylyl chloride with benzene 
and aluminum chloride yields 3,3-dimethyl-l-hydrindone. Pseudocumene 
and the chloride yield isopropylidene-2,4,5-trimcthylacetophenone.^ 

Kohler rri)orts the formation of phenyl propcnyl ketone from cro- 
tonyl chloride, benzene, and aluminum chloride. Benzene, toluene, and 
the three xylenes were reacted with crotonyl chloride by von Auwers and 
Rissp in their study of the influence of benzene substituents on ring 
closure of unsaturated ketones. A hydrindone was formed only with 
/f)-xylenc. Their results arc sumnuirizod: 


Hvdronirbon 


Rcartioii Pinduct 


b.p. CC.) 


Benzene 

Toluene 

o-Xylene 

w-Xylene 

p-Xylene 


crotonvlbenzenf' 

4'-inethylchalcone 

1. 2- dim ethyl-5-crotonylbrnzenp 

1 .3- Himothyl-6-crot onylbenzenr 

1.4- ^hmethylcrotonyIbenzpne 
3,4 ,7-trimethyl-l-hydrinono 


124-128/14 mm 
132-134/11 mm 
138-140/12 mm 
144-146/15 mm 
142-144/15 mm 
mp 32-33" 


Reaction of Benzene with Simple Aroyl Chlorides 

Optimum eonditions for the reaction of aromatie hydrocarbons with 
aroyl chlorides are essentially the same as those used for aliphatic acid 
halides. 

A 96-98 per cent yield of benzophenone has been obtained using the 
following procedure^": 

To a mixture of 240 g of benzene, 240 g of benzoyl chloride and 400 cc 
of carbon bisulfide, 290 g of aluminum chloride is added. After the 
mixture has stood overnight, it is heated for two to three hours on a 
water-bath until a drop of the solution by treatment with water does not 
Rive an odor of benzoyl chloride. The w’hole is then treated with dilute 
hydrochloric acid. The carbon disulfide layer at the top is filtered, and 
the solvent is evaporated on the water-bath. X^pon addition of alcohol 
h) the concentrated solution, the benzophenone (ra.p. 47-48°) separates 
out after cooling. 
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Rubidgo and Qua^® reported that in ilic pre|mration of benznplienone, 
reducing the amount of aluminum ehinride reducen I ho yield in almost 
the same proportion. 

Perrier, assuming the ])ri]uary foriimtioii ol a complex from the 
catalyst and acyl chlorides, recommends first the addition of aluminum 
chloride to benzoyl chloride and subsequent addition of benzene to this 
“catalyst complex/* 

p-Toluoyl chloride with benzene and aliuuinum chloride gives phenyl 
p-tolyl ketone.^^ From p-tolylacctyl chloride and benzene, w-p-tolyl- 
acetophenone, CHa.C11H4.CH2CO.C0H5, is producc<l.'‘® 4-Isopropylbenzoyl 
chloride and benzene yield 4-iNopropvlbenzopheuoiie, (CH3)2CH.CoH4- 
COCJIo, b.p. 334-33G°>« 

By reacting a-uaphthoyl chloride with benzene and aluminum chloride 
in carbon disulfide, a-benzoylnaphtlialene is obtained.®^ 

The condensation of the chloride of 1- or 2-aiithraquinonecarboxylic 
acid with benzene was studied by Schaarsehmiflt/*- who reported tliat tlie 
corresponding 1- and 2-benzoylanthraquinones are formed. The chloride 
of the 2-Bnthraquinonccarboxylic arid condenses readily w'ith aromatic 
hydrocarbons with satisfactory results; but the isomeric chloride derived 
from l-anthraquinonecarboxylic acid and, in a still iiioie marked manner, 
the resulting 1-benzoylanthraquinone are very sensitive toward alumi- 
num chloride, so that the yield is poorer. 

Benzene wdth fluorenonc-fi-carboxylic acid chloride gives benzoyl-5- 
fluorenone, m.p. 95"*.®® 

Reaction of Monohalogenated Benzene with Unsubstituted Monocar- 
boxylic Acid Chlorides 

The reaction of chlorobenzene with acetyl chloride was reported by 
Collet,®* who stated that p-ehloroncotophenone was readily prepared by 
mixing together acetyl chloride, clilorobenzene, and aluminum chloride. 
He obtained a 55 per cent yield. The ketone was also similarly prepared 
by Gautier,®® who found that it melted at 20"' and iiad a b.p. of 232' . 
Straus and Ackermanii report a yield of 80-90 per cent of the ketone 
based on the amount of chlorobeuzetic u^ed. To an iee-culd solution ol 
180 g of chlorobenzene and 154 g of acetyl chloride in 400 cc of carbon 
disulfide, there was added during two hours 2B2 g of aluminum chloride 
The reaction mixture was allowed to stand for two days at room temper- 
ature and then heated for tliree hours on a water-bath. .Tudefind aiul 
Reid found that the best yield of p-ehloruacetophenone was obtained 

^C. R. Rubidffe iiiirl N. C. Quo. Am. Chem. Soe., 36, 733-7 (lll]4>; C. A., 8, 1355. 

Perrier, Bvr., 13, S15-6 <1000), J, Chem Ab« , 70 (1), 331 (1000). 

"E. Ador and A. A. Rillict. Rer.. 12, 2200-2303 (1R79). 

••II, StraMmann, Ber., 22, U20-1231 flOSO). 

MA, W, Smitta, Ber., 24, 4025-4058 (1801). 

•• O. Reddalem, Ber., 46. 2718-2728 <1018). 

»A. Sehaamohmidt. Brr., 41, 831-830 (1BI5), /. Ch^m. Soc. Abs., 108 (1). 580 (1015). 

5«R. G6ta, Manatih., 23, 37-43 (1003); /. Chrm. Boe. Aht., 82 (1), 873 (1002). 

NA. Collat, BvlL moc. etiim. (3), 31, 08-70 (1800) ; J. Chem. Boe. Abe. (I), OOD (1800). 

^ H. Oautiar, Ann. rhim. phy*. (ft), 14, 373 (1888). 

MF. Btrftiu ami A. Ackennann, Ber., 42, 1813 (1909). 

H W. L. JudeAnd and E. E. Raid, /. Am. Chem. Boe., 42, 1044-1040 (1020). 



KETONE SYNTHESES 


215 


|)y using one mole of chlorobenzene (112 g), a 10 per cent excess of acetyl 
chloride (85 g) and a 10 per cent excess of aluminum chloride (150 g) in 
250 g of carbon disulfide. The chlorobenzene, aluminum chloride, and 
solvent were put in a flask with a reflux condenser and acetyl chloride 
was added in 5-g portions at intervals of about half an hour. In order 
to start the reaction, the flask was immersed in w^arm water for a short 
time; it was subsequently kept cold with tap water in order to avoid 
formation of gummy products. After completion of the reaction, the 
mixture was heated on a water-bath to drive off the solvent. Upon 
decomposition of the reaction mixture with ice, the ketone separated as a 
heavy oil which was dried and distilled under reduced pressure. 

A good yield of p-chloroacetophenone has been reported by Mayer, 
Stark, and Schon,“® 

Collet®® reacted propionyl chloride with chlorobenzene in the pres- 
ence of aluminum chloride and obtained p-chloropropiophenone, m.p. 
35-36°. 

Schweitzer reacted acetyl chloride with broniobenzene in carbon 
disulfide solution in the presence of aluminum chloride and obtained 
p-bromoacetophenonc, m.p. 51°. Schdi)ff repeated the preparation, and 
by improving the method for isolating the product, he secured a 75-80 
per cent yield of the ketone. Hale and Thorj) performed the reaction 
using tlie Perrier modification of the Fricdel-Crafts reaction, i.c., the 
formation of a catalyst complex W’lth the acetyl chloride, and subsequent 
reaction of the coinjilcx with the brumobeiizeiK*. They gradually treated 
50 g of the acid chloride with 76.8 g of alumiimm chloride, heated the 
mixture on a water-bath to complete formation of the addition product, 
and then gradually added a sululiou of 90 g of hroinubciizeiie in 150 cc 
of carbon disulfide. The reaction mixture was heated on the w^ater-bath 
until hydrogen chloride had ceased to evolve (for about six hours). After 
distilling off tlic solvent and decomposing the catalyst complex, the ketone 
was steam-distilled, coming off as an oil which gradually solidified upon 
cooling. The yield was 70 per cent of the theoretical. 

Judefind and Reid prepared y>-bromoaceloi)henone by adding a 
•flight excess of acetyl chloride to a solution of broinobenzcnc and alumi- 
num chloride in carbon disulfide. They reported its melting point to be 
50.5°. The yield of the crude ketone obtained by them was 70-80 per 
cent. Propionyl chloride and bromobenzene in the presence of aluminum 
cliloride were reacted by Collet who secured p-brninopropiophcnoiie, 
ui.p. 44-45°. 

lodobenzene and acetyl chloride w’ere reacted according to the Friedel- 
^ rafts reaction by Schweitzer, who gently warmed a solution of the 
reactants in carbon disulfide solulion with aluminum chloride and iso- 
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lated the p-iodoaoetophenone (m.p. 85°) by cryatallisation from etber. 
Klagea ** obtained a 75 per cent yield of the ketone by following the pro- 
cedure of Sohweitecr, but he iaolated his product by ether extraotion and 
purified it by vacuum distillation. Using the Perrier modification of the 
Friedel-Crafts reaction and working at a temperature of 30°, Boeseken 
obtained a 70 per cent yield. Judefind and Reid prepared p-iodoaceto- 
pbenone by slowly adding 85 g of acetyl chloride to a mixture of 204 g 
of iodobensene and 150 g of aluminum chloride, using carbon disulfide 
as solvent. The reaction was started by gentle warming; after it had 
begun, the mixture was kept cold. Upon removal of the solvent and 
decomposition with ice water, the product obtained by them was a dark 
brown mass, which, when centrifuged and crystallised from 95 per cent 
alcohol, gave yellow crystals of p-iodoacetopheuone, melting at 83.5°. 
Schweitzer, Klages, and Boeseken had reported the melting point to be 85°. 

Kimura criticized the method of preparation used by Judefind and 
Reid, saying that it resulted in a very small yield because of the abun- 
dant formation of dark-red oil upon slow addition of the acetyl chloride 
to the solution of iodobenzene and aluminum chloride. The more slowly 
was the acetyl chloride added, the smaller the yield was found to be 
This, he thought, was probably caused by the splitting off of iodine as a 
result of secondary rcactiuiis between the excess of aluminum chloride 
and the iodine-containing components of the reaction mixture. By mix- 
ing the three reagents beforehand in equiiuolecular proportions in carbon 
disulfide, then cautiously heating to boiling, and continuing the boiling 
imtil the evolution of hydrogen chloride W’as still barely perceptible, the 
yield of the p-iodoacetophenoue was increased to 80-95 per cent. 'I'he 
ketone was isolated by extraction with ether and crystallization from 
alcohol. Its m.p. was found to be 85°. 

The reaction product of chlorobenzene with benzoyl chloride is 
p-chlorobenzophcnone, which also may be obtained by reacting chloro- 
benzoyl chloride with benzene. By gradually adding aluminum chloride 
to a mixture of 15 g of chlorobenzene and 20 g of benzoyl chloride and 
then heating the mixture for an hour, Wegerhoff obtained a 40 per cent 
theoretical yield of p-chlorobenzophcnone, m.p. 77-78°. Montague'''’ 
heated for one day at 100-110° a mixture consisting of 56 g of benzoyl 
chloride, 55 g of aluminum chloride, and 45 g of chlorobenzene. Be 
secured an 80-90 per cent yield of p-chlorobenzophenonc, b.p.TTT 332 
Later, Montague and Koopal reported that in the reaction a sniull 
amount of o-chlorobenzophenone was also formed, together with the mam 
product of the -p-isomer. 

An 80-90 per cent yield of p-chlorobenzophenone was also secured by 
Gomberg and Cone,''' who heated for three hours on a water-hath a mix- 


•A. xiisa, Btr.. SS, tUl (lUi). 

"" J. Bonnken, Aec. trav chtm., XL 108 (1001). 

”W. Kunura, ^«r.. 87, BM-6 (1084); C. A., 28, 8064. 

•P. Wegerhoff. Ann,, 2S2, 8 (1880). 

*P. J. Montagne. Xet. trav, ehtm,, 38, 203-884 (1807). 

WP. .1. MontaffiiB aort 8. A. Koopal. kee. trav, cAim.. 28, 188.148 (1810); J, Cfuin, Sot 
828 (1810). 

n M. Qombers ami L. H. Com, Ker.. 38, 8278-8278 (1808). 
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turc of I mole of benzoyl chloride and 2 moles of chlorobenzene with 
1 mole of aluniiniim rhloridr. The teniperature wan then inereaHod to 
120° for two hours. When the mixture was treat/od with wal^r, the crude 
ketone separated out. This was subsequently purified by vaeuiim dis- 
tillaiion. 

Cone and Lung reported the reaction of bromobenzene with benzoyl 
chloride in the presence of aluminum chloride with the production of 
/)-bromobenzophenone. Using the procedure described in the preceding 
])aragrapl] for their preparation of p-chlorobenzophenone, Gomberg and 
(/onc likewise prepared p-bromobenzophenonc. They found it advan- 
tageous, however, to work at temperatures lower than those used for the 
jireparation of the chloro- compounil. Here the best yields were obtained 
if the temperature did not exceed 80 '. Montagne reported that in the 
reaction of benzoyl chloride wdth bromobenzene there was formed, in 
addition to p-bromobeiizoplienone, a small amount of o-bromobenzo- 
phenone, m.p. 82.5°, 

Koopal heated iodobonzene with benzoyl chloride in the presence 
of aluminum chloride at 60° in the sunlight and secured p-iodobenzo- 
lihennne, m.p. 102°, 

o-Toliiyl chloride and chlorobenzene in the presence of aluminum 
chloride were reacted bv de Die.shach and Dobbelmann.'^® 4-Chloro-2'- 
inethylhenzophenonc fb.ii. 194°/14 mm) was secured. 

Rehaarschinidt condensed anthraquinone carboxylyl chloride with 
chlorobenzene in the presence of alumimiin chloride to obtain l-p-(chloro- 
henzoyl) anthraquinone, 



melting at 23°. A small quantity of another substance (m.p. 177°), prob- 
ably its isomer, l-o-(rhlorobenzoyl) anthraquinone, was also obtained. 

Reactions of Alkyl Benzenes with Unsubstituted Monocarboxylic Acid 
Chlorides 

Acylation of alkyl benzenes in the presence of anhydrous aluminum 
chloride involves no migration of the alkyl groups present. With a few 
exceptions, which will be pointed out later, only mono-acylation occurs. 

The acylation of monn-alkylated benzenes proceeds according to the 
equation: 


Tip C. P. Long, /. Am. CUm. Boc.. 28. 618-584 (1806). 

74 H A 37, 888 (1808). 

thW oaim.. 34, 184 (1815). _ 

7„?- 2". MM* P. DobWmanii, Hrio. Clwm. Asia, 14, MB-78 (1881). 

'"A. SbhurBDhmidt, Ber., 46, 881-818 (1818); /. Chmn. 8oc. i4b«., 108 (I). 880 (1018). 
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In ttcptylatiiig toluone, xylone, and rymonr* Verify Hcoiired an 80 
per cent yield of the corresponding ketones. In order to eliminate the 
hydrogen chloride formed in the reaction, he carried out the condensation 
at 0° and in a vacuum, the acid chloride being added drop by drop to a 
cooled mixture of the hydrocarbon with the aluminum chloride. The use 
of reduced pressure in this reaction has been questioned,’^* but Verier 
contended that, although some loss undoubtedly occurs when operatinii, 
under reduced pressure with volatile compounds, like acetyl chloride, tin 
method undoubtedly gives good yields. For example, he was able to 
obtain a 97 per cent yield of 2-i'5obutyryl-p-cymene by acylating 
p-cyniene under reduced pressure. 

It has been pointed out that in order to iircvent the formation of 
tarry and robinous substances it is ucccssaiy lo stop the rcactnui befon* 
its completion.*^ That conditions obviously effect yields may be appre- 
ciated by noting some of the results which have been obtained in arylat- 
ing p-cymene. Klagcs and Lickroth*^ fiocured a 40 per eeiit yield of 
2-acetyl-p-cymene. Allen, recommending low temperatures and slo\\ 
addition of reactants, obinined a 50-55 per cent theorelical yield Tem- 
peratures of —5° or below 's\ere lifted. 

The results obtained by Verley, already mentioned, show' that the um* 
of reduced pressure is significant Both Verley and Allen employed lo\^ 
temperatures and added the reactants slowly. However, Verley added 
the acid chloride to a mixture of benzene and the catalyst, whereas Allen 
added the aluminum chloride lo the benzene and aectyl chloride in i\ 
solvent. 

That the order of addition of reactants la undoubtedly important may 
be emphasized bv the fact that, by using Perrier's miidification of tlic 
Friedel-Crafts reaction, that is, the prcdiiuinar>’' formation of an aretyJ 
chloride-aluminum chloride complex, a 70 ])er cent theoretical yield of 
methyl-p-tolyl ketone has been obtained.*'^ 

Addition of excess aluminum chloride after completion of the reactioii 
has been found to increase yields. From 204 g of n-propylbenzene and 
160 g of propionyl chloride, 196 g of p-propylpropiophenone has been 


Tr A. Verley, BuU. loc. chm.. 17 (III), QOe-gii (1897); 

^L. Bouveeult, Bull, boc, cAm., 17 (III), 1020-21 

w A. Verley, Bull boc. ehim,, 19 (XHh W7-140 fl808). 

M A. Clatu and It Wollner, Ber., U. 1850-61 (1882); / Chem 
•^A. Klara and G. Liokroth, Ber.. ^ 1540-1^ (ihlO). 

F. H. Allen, Or^imte BynthrMs, ZIV, 1-3 (IW). 

■ R. Bom, Ber., 1008-74 (1003) 

•* G. Badddey and J. Kenoer, /. Chem. Boc., 808-0 (1098). 


c;Aem. Sot. Abu., 70 (1), 207 

' Chem. Bor. Aha., 76 (1), 484. 

Soc. AbM , 48, Ilia (1085). 



KSTONE SYNTHESES 


219 


Tabic Reaction of Alkyl Bensenea with Unsubatituted Aliphatic Monocarboxylic 
Acid ChioridoB m Prcacnce of Anhydrous Aluminum Chloride 


HyclrDOHrbcin 

Product 

Reforetioe 

Toluene 

4-aceLyltoluene 

2, 3, 16,53 

Toluene 

4-propionyltoluene 

26,23 

Toluene 

4-butyiy 1 toluene 

28 

4-n^valeryltoiuene 

28.30 


4-isovalcryltoluene 

28 

Toluene 

Tt-pentadecyl p-tolyl keloue 

27 

ti-heptHdecyl ^tolyl ketone 

27,55 

Ethylbenzene 

p-rthylpropiophenonu 

14 

Ethylbenzene 

jo-ethylvalerophcnone 

30 

Styrene 

a cy luted rcsina 

58 

n-Propylbenzcue 

p-| )rnpylucetophenone 

29 

p-\ iropylpropiophenonc 

7 

Lsopropyibcnzrne 

p-ii>o;»rupyhicetophenoue 

29 

(numcne) 

/{/■f-Butylbenzpiie 

7 >-/ er^-bii ly lace tophen one 

31,51 

7i-Octylbenzcup 

octylphenyluirlhyl ketone 

36 

ji-Laurylbcnzcnc 

/i-dodocylacotophenono 

57 

-Xylene 

li.4-dimelhylapetophenDnc 

3, 1,5, 6 

m-Xyhne 

diaoetyl-wi-xylene 

14,25 

m- Xylene 

2,4-dimethylpropiophononc 

39, 56 


2 .4-dime thy 1 bu ( yr ophenono 

43 


2,4-dimcthylihobulyruphenoue 

26,43 


2,4-(liniothylvalorophr>none 

30 


7i-peutadecyl (2,4-diiiiDthylphenyl) 

26.27 


ketone 

n-hoptaiieeyl (2,4-dimethylpheiiyl) 

8,50 


ketone 


f»-XyIcuc 

3 ,4-diiuc t hy 1 a ei * t ophen nne 

1,11,37 


3,4-diraethyliRobiil>Toi)hcnono 

43 

p-Xylrnp 

2,5-<liiuethylpropiophenone 

38 


2,5-diineihyliiutyrophc‘noDe 

43 


2,5-diinothyliM)biityrophenoiie 

43 


2,5-diinetliylvHlcruphenoue 

30 


ii-hrptadeeyl (2,ri-fliiiie! hylphenyl) 

50,55 


ketone 


in -Methyl c thy 1 bonze nr 

2-inetliyl-4-e(hylaet’lophenoiiL' 

10 


2-nie(h.vl-4-i‘(hyl|)ro]uophonunp 

10 


2-niet hyl -4-ef hy liMohii 1 yrylph enonc 

10 


2-iiiethyl-4-ethylbutyiydph['none 

10 


2 -melhyl-l-elliyli.sovaler 3 'lphenon(‘ 

10 

l-Methyl-2-proi)vl- 

4-nn'thyl-3-propyln eel oidieiione 

37. 44 

benzene 

4-111 e t hy 1 -3-propylpr Di »i o| ihen i m e 

44 

1-M elhyl-3-propy]- 
benzene 

4-meth5’l-3-propylbutyrophenon(‘ 

44 

4-m ethy l-2-propy la OP toj ihenoiie 

43 

l-Methyl-4-iaopropyl- 
henzene (p-cymene) 

2-iiieihyl-5-iMOpropylaei*tf)phi'Hiine 

11,12.13, 

14,1,3 


2-niethy1-Ii-is(»prMp.\ Ipnipiupheurnie 

48 


2-iiip||ivl-i>-iMnpri)pylliti[yrupheiioiif 

4K 


2-mrl liyI-5-isoproiiyliaol)u1yrylpheuuiu' 10, 43 

2-niothvl-5-isopropylisovAku'ylphenone 43 
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Table 8^-^oiUifiuei 


Hydroowbon Prodoot ll«feroiio« 

fart-Butyltoluene 2-methyl-4-tar£-butylaoetoplieiione 47 

js-tert-Buty Itoluenc er£-buty i-2 ( or 8) -aoe tylt oluenc 34 

p-Diethylbenseae 2,6Hiiethylaoetoplieiione 32 

l^^trimethylbenaenc 2,4,6-trimethylaceto^enQiie 40 

(mcsitylene) 2,4,0-trimethyl-l,3-aiAoetylben2eiic 19 

2.4.6- triiiiethylbutyrophenonr 20 

dipropianylxneffltylene 20 

2,4,0-trimetliyliBOValerophenune 40 

dl-fi4)utyrylmeaitylene 20 

di-i 8 obut 3 rryliiieaityIene 20 

di-valerylmeeitylene 20 

di-oenanthylmesitylene 20 

n-pentadecyl (2.4,6-trimethyl- 26, 50, 27 

phenyDketone 

1.2.4- trimeUiylbeniieiie 2|4,5-trimethylacetophcnonc 41, 42 

(pacudociimene) 2,4,5-tnmeti^lpropiopheDonp 14 

2.4.5- trimethyJbut3a’Ophenonp 18,51 

2.4.5- tTimebhyliaobutyrophcnonf' 18, 51 

2.4.5- trimethyli8ovalerophenDnr 18. 51 

1.4- <limcthyl-2-ethyl- l,4-dimethyl-2-ethyl-5-acetylbcu2i‘tic 17 

benzene 

l,3^Dimethy]-4-ethyl- l^-dimcthyl-4-elhyl-6-aCGtylbenzeuD 0 

benzene 

ter^-Butyl-m-zylene 4-acrtyl-6-<cre-biityl-l ,3-xylpnr 15 

li3-Dimethy]-5-(er^- 2,4-diinethyl-5-frf£-hulylaretoiihpn(»nr 47 

butylbenzene 

zym-Triethylbenzene JiucplyltripthylbenzpnD 14,24 

azym-Triethylbenzcnc l,2,4-tripthyI-5-apt'tylbrnzriir 32 

1,2,4,5-Tetramethy]- 2.3,5,6-lrtramethylacetopbpnunc 21 

benzene (durene) diacctyldurene 21.22 

dipropionyldurene 21 , 22 

2.3 .5.6- t otramr thy 1 propi ophen on (' 22 

l,23ii^Tetramethyl- 2.3,4 ,6-tptnimethy1aeetophenonp 22,23 

benzene (isodurene) dinretylisodiirene 21,22 

l^,3,4-Tetr&nieUiyl- 2,3,4,5-tetramethylacctopheDono 46 

benzene (prehnitenc) 

Ethyl mesitylene diacotylethylmrsitylene 25 

Pentamethyl benzene pentamethylacetophenone 35 

1 ,3^Trimethyl-2,4- O-aeetyl-l 3i5-trim ethyl-2 ,4-dietliyl- 23 

diethylbenzene benzene 

Pentaethylbenzene pentaethyipropiophenone 14 
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Tlio al)«enrc of extranoous polvc'iits has been specified in a patent 
(IpsrribinR the acetylation of frrf-butyl-m-xylene.®® 

As can be seen from Table 8, the orientation of the entering acyl radi- 
cal is regular. Acylation of mono-alkylnted benzene occurs in the p-poai- 
lion. Essner and (lossin reported the ketone secured by them in react- 
ing toluene with ncctyl chloride to be 7w-tolyl methyl ketone; but it has 
subsequently been shown that this product was really the p-derivative.^’^ 
In the polyalkylated benzenes the entering aryl group goes into the 
following position in the benzene ring: 

Posit inn of EnterinK 


Compound Aoyl (3roup 

1.2- diAlkylbenzenp “4 

1.3- dialk:y]beo8Pne “4 

1.4- dialkylbriizenp “6 

ld,5-tria]ky]bpnzcnn “2 

1 .2.4- trialkylbpnzpnp “ 5 

1.2.3.4- tetralkylbpnzi'ne -5 

1 t2,4,5-tetralkylbpnzpnc “ 3 


^ J ■ 0 to T. rtii dr Armours ft Co : (7. A.. 30, 6012 

(1885). Ckwwln, Bid/, rnw. rbim. (S), 43, M-08 (1884); /. Chrm. Sot. Aha., 40, 282 

”A. Voriiy, Bid/, ape, eMm, (3), 17, 000-014 (1807): Chem, Snr. Abr., 70 (I). 207 (1800). 
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In the acylation of aromatic hydrocarbons it is ^morally imposfiihh' 
to introduce t\^o acyl groupp into the arninatic nucleup by the Friedel- 
Oaftp method. Howc\rr, it has been found that diary 1 flurivatives nl 
polyalkylated benzenes may be obtained iieeurdin^ to the cmiditionB i»f 
the reaction.^^ In spite of tlio fact that a ketone group inhibits further 
substitution^ alkyl groups generally aetivatc the remaining positions on 
the ring sufBeiently to bring about further acylation. 

The reaction time has a decided influcnee. When 1 g of durenc wa.s 
heated with 2.5 g of prupionyl chloride and the required excess of catalyst 
for 15-20 minutes on a water-bath, dipropionyldurene was obtained. It, 
however, the lieating vs as eontinued for one hour, the mono-aeylate*! 
derivative was secured. 

Benzene and ortho- or para-xylene do not under anj’' cireumstances 
yield diacetyl derivatives. However, meta-xylene gives approximately 
2.3 per cent of the diacetyl compound, on relocating the operation se^ciiil 
times, a large quantity of this compound can he obtained. From tin 
experimental data, it follows that, in a compound containing an accnl 
group in ortho po.Mtion to two methyl groups, a furtlier acetyl group ciiii 
be made to enter. Since the noiTual nretvlntion product of ?n-xyleno 
l,3-dimcthyl-4-aretylbcnzeiie, docs not contain such a grouping, the 
formation of the diacetyl compound in thih case can he cx])lained oiilv 
by the formation of a small quantity of l,3-fliracthyl-2-acetylbenzene in 
the acetylation of m-xylene. 

sj/m-Tricthylbcnzene and elhylme.'^itylcne readily yield diacctvl 
derivatives. 

Mesitylene, durene, and isodurcnc arc instances in which an arctvl 
group can enter between two jiaiis of metljvl groups; these coin- 
pounds, therefore, yield 100 per cent of the diacetyl derivative on further 
acetylation. Since pscudnciiniene i.s acetylated only between one pair of 
methyl groups, it cannot be further acetylated 

The acylation of alkylated benzenes lias been used in the pre[)aration 
of polyalkylated liydrorarliotm n-Alkylbenzenes are often prepared hy 
reduction of corresponding ketones, acconling to Darzens.*** 

Numerous polyalkylated ketones are u^ed in the manufacture of svii- 
thetic perfumes; for example, acetylated fcrf-biitylxylene is used in tlic 
preparation of artificial musk.”^ 

Alkylation and acylation have been e/TecU*d in one step by treatin? 
an aromatic hydrocarbon with an acylating and alkylating agent in the 
presence of more than one mole of a Friedel-Crafts type condcnsin? 
agent.^'' Examples are given: 

•F. Baum anrl V. Mever, Bar., 21, 8212-8215 (189a>; /. Chem, 8oc. Abi,t 70 (I), 228 (1898) 

V. M«r«r. Ber„ 29, 846 (1800). 

Klum and O. Lieknith, Brr , J2, 1540-1805 I. Onttprmann, B. Fnti, and K. Bfr 32i 

iias-iur (Tovo). 

MV. M«rpr and G. Pftvla, Ber., 29, 2504-09 (1800) 

•^0. Dwwtns, Compt. rend., 139, 608-870 (1004), / TAem Soc. Ah» , 1905 (1), 60. cX. T. V J"' 
G. Shell, uad O. E Wood, / IvH, Prtr , 25, 514-81 (1040) 

*■0. OcrlMrdt, RewhftoiAnd,, 5, 07-0 (1080); C. A . 24, 4897. 

■9 U, 8. P, 2,004,000 (1085) to U. A BniKon luid O. Btpin (to Bohin nnd Hjui«) 
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luiiylphcnyl methyl ketone, b. 121-3^/3 mm 

mixed iaomenc 9 ec-amyliolyl methyl kctonee, b. 140^16O‘’/iO mm 

mixed amylj^nyl methyl ketones 

butylacetopnenone, b. 100-103 V3 mm 

isopropylacetophenono, b. 83 "/S mm 

^erf-butylpropiophcnonc, b. IW/S mm 

p-ethylaoetophenone 

aniylpropiophonone, b. 148-52'*/8 mm 

amylbensopbenone, b. 153^8 V3 mm 

Unsaturated Monocarboaylic Acid Chlorides and Alkylbenzenes 

With unsaturated aliphatic acid chlorides the condensation may take 
an abnormal course. Acr>dyl cliloride and p-xylene with anhydrous 
aluminum chloride and carbon rlisulfide give p-xylyl vinyl ketone, 
C(iHa(CH 3 ) 2 CJO.CH:CH 2 . It boils at 18()-240°/30 mm and usually crys- 
tallizes in the condensing tube. However, p-xylylcthyl p-xylyl ketone, 
Cp,H;»(CHjj) 2 C 0 .CH 2 .CH 2 .CrjHatCn 3 )j, is formed together with the 
unsaturated ketone, and in larger proportion. It boils at 255-265°/30 mm 
and melts at 52^. The formation of the di-xjdyl ketone may be due to 
the fart that the escaping hydrogen chloride unites with the vinyl ketone 
ti) form a compound such as CuHslClIaloCO.tJHL'C^IIaCl, which acts on 
tlic excess of p-X 3 dene.®'‘ 


Alkyl Benzenes and Simple Aroyl Chlorides 

Toluene and benzoyl chloride yield phenyl p-tolyl ketone in the pres- 
ence of iduiiiinum chloride.”'^ Boiircet^'" used a large excess of toluene 
(1000 g of toluene, 50 g of aluminum chloride, and 100 g of benzoyl 
cliloride). By adding the benzoyl chloride little by little to the mixture 
ol toluene and aluminuni chloride, the formation of by-products was 
avoided, and 92 per cent of the theoretical yield was obtained. 

Since reactions of alkylated benzenes with simple aroyl chlorides ])ro- 
cced substantially as they do with aliphatic acid chlorides, these are 
merely summarized in Table 9, page 224. 


Reactions of Halogenated Alkyl Benzenes or of Polyhalogenated Ben- 
zenes with Simple Acjl Chlorides 

The extent of the reaction of immohulugenated tuluencs with acyl 
tldorides in the presence of aluminum chloride depends upon the position 
‘^fthe halogen in the benzene ring. Reacting o-rhloro- or o-bromotoluenc 
itli acetyl chloride and ahuiiiniim chloride in carbon disulfide, Claus 
tu)1u,ined o-chloro-m-acetjdtoluene (b.p. 238-242°) and o-brorao-m- 
mclyltoluene (b.p. 262-264"’). Sehdpff®* similarly reacted o-liromo- 
u uene with acetyl chloride. For o-bromo-?n-acetvitoluone, he reported 
boiling point of 269-272°. 

Mic Condensation of p-clkloro- and p-broiiiotoluenes with acet^d chlo- 


MH>57e; /. Chtiii Sot. (6 (f). 30 (\m). 

460 (1887J; E. Adui uiid A. Uillutl, Hu., IX, 22MI (1H7U). 


— 

~ w. «, MS-MS (IBM); /, C’/ifm. Soc. Ab... 72 (1), S« (I8W). 

'* .M. hS.. • r***!^ ^*" - (i), M.MS-BM (IWl): J. Chem. Sor. 4h.., SO (U), *11 (ISOl). 
"M.iiiir, J 4 , stsS-ST^ (ISSI); /. Chen. floe. Abi., O (I). 3*7 (1802). 
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ride, according to Claufii**' resulted in a mixture of substances. He 
repc^di however, the fonnation of o-chloro-m*methylacetophenone (b,p. 
339-240^) and of o-bromo-m-methylacetophenone (b.p. 257-258°). 
Schopff asserted, on the other hand, that no reaction occurs between 
para-substituted benzene halides and acyl chlorides. Thus he was able 
to obtain no reaction with p-bromotoluene. He assumed that, since the 
tendency of the entering acyl group is to take the position p- to the halo- 
gen, when the p-position is already occupied, no reaction occurs. For the 
same reason, l-bron]0-2,4-dimcthylbenzene yielded no ketone upon 
attempted acetylation. 

Heller ^ reacted o-chlorotoluene with benzoyl chloride. He dissolved 
27 g of aluminum chloride in 32 g of o-chloroioluene and, under ice-cool- 
ing, gradually added 14 g of benzoyl chloride. An 83 per cent yield of 
3,4(?)-methylchlorobcnzophenone (in.p. 82-83°) was obtained. With 
o-bromotoluene and benzoyl chloride, however, he was unable to obtain 
the corresponding ketone. The only crystalline product obtained was 
3-hydroxy-4-methylbenzophenone (m.p. 173°), which was secured in 
38 per cent yield. Here the chlorine atom had been replaced by a 
hydroxy- group. Since the condensation was efTeeted in anhydrous media, 
the substitution must have occurred in the deenmpfisition of the catalyst 
complex with water. Later, Holler re[)orterl that in reacting p-chloro- 
toluene with benzoyl chloride in the presence of aluminum chloride he 
was able to obtain from 32 g of p-chloro(oliiene only 2.7 g of a methyl 
chlorobenzophenone (m.p. 35-36°). He was unable to determine the 
position of the substituents, but assuniecl for it tlio following structure: 


riiji 

It will be noticed that in the reaction of p-chlorutulucnc with acetyl 
chloride, Claus Ifad also reported that the entering acyl group went 
0 - to the halogen and m- to the methyl group. 

With p-bromotoluene and benzoyl chloride Heller was unable to 
jObtain any definite products, securing from 46 g of the halogcnatod tolii- 
'enc an oil which he fractionated as follows: 


188-218° 

218-260° 

7.5 e 

6 g 

260-300° 

4 g 

15-200'/23 mm 

55 g 


Reacting 7H-broiuulolueDG with benzovl chloride, he secured an oil b. 210- 

t320°. 
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A patent to Aktien-GesellBchaft fur Anilin-Fabrikation claimu the 
preparation of 5-chloro-2-methylbenzaphenone (b.p.8o 210'’) froiu 
p-chlorotoluene and benzoyl chloride by the Friedel-Crafta reaction. 
With 2*chlorobenzoyl chloride and p-chlorotoluene the preparation of 
5^'-dichloro-2-methylbenzophenone^ b .12 226 is claimed. Here it is 
assumed that the acyl group enters m- to the halogen of the halogenatcd 
toluene. m-Chlorotoluene has been condensed with biphenyl-4, 4'-di- 
carboxylyl chloride to give 4,4’-bi6(o-methyl-p-chlorobenzoylbiphenyl). 
From 2-chloro-p-xylene and benzyl chloride has been obtained 2,5-di- 
methyl-4-chlorobcnzophenone.^®* 

Mayer and Fischbach^^^ were able to obtain no reaction with p-chloro- 
toluene and o-bromomethylbenzoyl bromide. However, with p-bromo- 
toluene they obtained a compound (m.p. 135°) which they considered to 
be either 4-bromo-l-raethyl- or l-bromo-4-methyl-anthronc. Here rinp 
closure had been effected by dis])lacement of both bromine atoms of the 
bromo-acyl bromide. 

According to Bdeseken,^®** dihalogenated benzene derivatives react so 
slowly with aluminum chloride or aluminum bromide and an acid chh)- 
ride that the greater part of the acid chloride condenses with itself, so 
that only traces of the Friedel-Crafts condensation products are fornuTl 
With acetyl chloride and 0 - and wi-dihalogen benzenes, traces of the 
corresponding acetophenones were obtainefl, but with the p-dihalogpii 
benzenes no definite product could be obtained. 

The reaction involving auto-comlcnsation ol acetyl chloride has a 
velocity which differs widely from that of the Friedel-Crafts reaction. 
Bdeseken found that in the case of the benzene derivatives in which the 
substituting group increases the activity of the leinaiiiing hydrogen atoms 
of the benzene nucleus, the Friedel-Crafts reaction is so slow as to be 
practically non-existent. However, when the sub.stituting group lessens 
the activity of the hydrogen atoms, the velocity of the Friedel-Crafts 
reaction may become equal to, or les.s than, that of the acetyl condensa- 
tion. In the condensation of polyhalide derivatives of benzene with 
acetyl chloride, the velocity of the acetyl condensation is greater than 
that of the Friedel-Crafts reaction; therefore, only small quantities of 
the ketone are formed. Boeseken obtained a 2 per cent yield of dichloro- 
acetophenone from o-dichlorobcnzene and acetyl chloride. With m-di- 
chlorobenzene only 0.4 per cent of the corresponding ketone was formed 
With p-dihalogenobenzenes no definite product could be secured. Other 
polyhalogenobenzenes with acetyl chloride gave no trace of ketone 
Schweitzer^®® reports that when p-diiodobenzene was treated with acetyl 
chloride and aluminum chloride no acetylation product could be obiaiiie(l 

KunckelP®’ could not effect a reaction between p-dichlorobcnzciie 

Gennwi P. 207,271. J. Chem. Boc, M (1), U (1B14) ; C. Z., 1913, 11, 3014. 
ittQermaii P. 507.717 to I. G. Farbeninduiitrie. 

OF. Mkjrtr and W. Fuohbarh, Btr., SB, USI-IZSS (IBS); /. CAem. Sot. Abt., M (1), mn 
MJ. BdMdM, Ret. trat. chim., B, 10-B (IMS); 0. A.. 2. 11S2. 

fionehoi, Ace. trv«. ehim., 27, lO-U (ISOS); J. Chtm. Hoc. Ab$., 181 (1108). 

MR. SdnraitMr, Btr., M, UO-IU (IMI); J. Chm. J3m. Abl., M (1), 084 (1001). 
l»F. XimaUl, Air., IIW (HOT). 
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and chloroacetyl chloride with aluminum chloride and carbon disulfide, 
•but be was easily able to introduce the chloroacetyl group into m-di- 
chlorobenzene. Thus, he slowly added 20 g of aluminum chloride to a 
mixture consisting of 5 g of m-dichlorobenzcne, 7 g of chloroacetyl chlo- 
ride, and &0 g of carbon disulfide. There was no reaction even in sun- 
light; but upon being heated on a water bath the reaction began with 
strong evolution of hydrogen chloride. The heating was continued for one 
hour and the reaction mixture was then allowed to stand for three hours, 
lie obtained 1-chloroacety 1-2, 4-dichlorobenzene, CICH 2 .C 0 .CbHbC 12 , m,p. 
57°. 

An attempt has been made to acetylate benzotrifluoride in the pres- 
ence of aluminum chloride. Instead of the expected acetyl benzotrifluo- 
ridc, liowever, there were obtained good yields of bcnzotrichloride and 
aluminum fluoride. The replacement of fluorine by aluminum chloride- 
chlorine without tlie presence of acetjd chloride yielded only a small 
quantity of bcnzotrichloride, a large amount of tar being produced.'®® 

The Fricdel-Crafts condensation of o- and m-dichlorobenzene with 
benzoyl chloride was reported by Boeseken.'®® Using aluminum chloride 
as catalyst and temperalures of from 110 to 140°, he secured 3,4-dichloro- 
benzophenono (m.p. 102°1 from the o-halogcnated comi)ound, and 2,4-di- 
ehlurobenzophenone (m.p. 52°) from m-dichlorobenzophenone in 80-90 
per cent yields. Similar reactions occurred with o- and m-dibroraoben- 
zenc. p-Dichloro- or dibromobenzene was not attacked below 200°, at 
which temperature a black, tarry product resulted. 

However, more recently, Ganzmiiller "® reported that by heating over a 
small flame for three days a mixture of 14.5 g of p-dichlorobenzene, 14.5 g 
of aluminum chloride and 11.5 cc of benzoyl chloride, he secured 2,5-di- 
rhlorobenzophenonc. He similarly obtained 2',2,5-trichIoroben2ophenone 
(m.p. 145-70) by using o-chlorobenzoyl chloride instead of benzoyl chlo- 
ride. With 2,4-dichlorobeiizoyl chloride and p-dichlorobenzene, he 
secured 2',4'-2,5-tetrachlorobenzophcnonc, m.p. 176°. 

The reaction of o-broinobcnzoyl chloride and m-dichlorobenzene with 
aluminum chloride in carbon disulfide is described by Meisenheimer and 
co-workers, who obtained a 43 per cent yield of 2-bromo-2',4'-dichloro- 
benzophenone, m.p. 33-34°. 

Montagne and van Charante obtained 2,4-dibromobenzophenone, 
by the action of benzoyl chloride and aluminum chloride on m-dibromo- 
henzene. Boeseken likewise reacted 7n-dibromobenzene with benzoyl 
chloride in the presence of aluminum chloride at 170° and secured a 40 
per cent yield of 2,4-dibromobenzophenonc, m.p. 47®. Under the same 
conditions, with o-dibromobenzene he secured a 60 per cent yield of 

3,4-dibromobenzophenone, m.p. 119°. 



(IMS), 
in (IMS). 


3W7"7ii55)“"™"* amwo Mid A. WilchterowiU, /. prakt. Ctiem., 119, 31S-8t7 (1928); C. A., 

Charants, Rrc. Iron, thttn.^ U, 288-149 (1912); /. Chfm. Boe. 
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Mayor and Fischbach were able to obtain no satiBfactoiy rmuItB in 
an atlmpted roaotion belwcon p-dicbloro- or dibromobenaenc and 
o-bnmiomethylbensyl bromide. Obviously, p-dibalogenated benzenes 
react much more slowly with acyl balides than tbe o- and m- derivatives. 

Tbe reaetion of tribalogcnated benzenes with benzoyl chloride and 
aluminum cbloride bas been reported by Montagne.^^’ 1,3,5-Tricbloro- 
benzene yields 2,4,6-tricblorobenzopbenone, m.p. 103.5°. By beating 
l,3,5>tribromobenBophenone with benzoyl chloride and aluminum chlo- 
ride, 2,4,6-tribromo^nEophenone (m.p. 147°) was obtained. 


Simple Halogenated Aliphatic Acid Chlorides and Benzene or Halogen- 
ated Benzenes 


Correspondingly halogen-substituted aralkyl ketone.s are usually 
obtained by the reaction of halogen-substituted fatty acid chlorides with 
benzene and aluminum chloride. However, a few cases in which all the 
halogen has been substituted are reported. Thus, the reaction of jS-chloro- 
propionyl chloride and benzene with aluminum chloride results in the 
formation of either u-phcnylpropiophcnone or ;9-chloropropionyl ben- 
zenes.*” The same reaction has been observed between this chloride and 
toluene.*** 

Dichloroaectyl chloride has been reported to react in the same way. 
A mixture of the chloride, benzene, and aluminum chloride heated for ten 
hours on a water-bath yielded diphcnylacetophenone, each of the chlo- 
rine atoms being substituted by a phenyl residue.'** However, a thorough 
investigation of the behavior of a number of other halogenated acid chlo- 
rides when treated with benzene in the presence of aluminum chloride 
has shown that however the experimental conditions may be varied, only 
the chlorine atom attached to the carbonyl group enters into the 
reaction.** It seems that the chlorinated acid chlorides permitting poly- 
substitution are exceptions to the rule. 

Chloroacctyl ehloride and benzene heated with aluminum chloride st 
Ordinary temperatures, or at the boiling point, give only chloroacelophe- 
none. Even when the reaction mixture is treated with more benzene anil 
aluminum chloride, no further addition of benzene occurs.*** 

However, the reaction of trichloroacetyl chloride with benzene in the 
presence of anhydrous aluminum chloride has been shown to take an 
unusual course. Delacre *** reported in this w'ay the formation of only 
a substance (m.p. 135° and b.p. 270-280°/40 mm) , which he assumed to 
be diphcnylacetophenone, (CeHs) 2 CH.CO.CflHii. Later, AnschQtz and 
FSrstn *** showed that this product was in reality triphcnylvinyl alcohol, 
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More recently, BilU reported that trichloroacetyl chloride and bencenc 
w^ith anhydrous aluminum chloride give triphenylvinyl alcoholi but that 
if moist aluminum chloride is used^ the reaction product is trichloro- 
acetophenone. 

A 90 per cent theoretical yield of j9-chloropropiophenone has been 
reported by heating imder reflux a mixture of j9-chloropropionyl chloridei 
benzene, and 1 mole of aluminum chloride.^^^ 

Chloroacetyl chloride and bromoacetyl chloride in the presence of 
aluminum chloride were reported by Collet^*® to react readily with 
chloro- or bromobenzenc. The reactants used and products obtained 
were as follow's: 

Halosena ted benzene Acid Chluinle Produi t m.p. 

I'hlorubenzene chloruacetyl chloride 4-chlorf>Hi)-chlorotiiH>tO]>henune 101-102” 

I'hlorobeiiEene bromoacetyl chloride 4-Ghloro-<i>-bromoacelopheuoae 96- 96^” 

biomobenzene chloroacetyl chloride 4-bromo-w-GhloroacetophL‘none 116-117” 

brotiiobenzone bromoacetyl chloride 4-broiiio-u-bromoacetophcnDue 100-100.5” 


Table 10. — ReactioD of Benzene witli Simple Halugcnatcd 
Aliphatic Acid Halides 


-Arid Helidee 

Product 

Bef. 

Chloroacetyl 

u-cliloroacetophenone 

1,13 

Bromoacetyl 

ii)-br oin oacc tophen one 

4 

Uichloroacetyl 

diphonylaeetophenone 

2 

Di chloroacetyl 

4.) ,u-di chi or oacc t ophen one 

10 

Trichloroacetyl 

u,u,fa)-trii‘liloraacetophcnone 
triphenylvinyl alcohol 

10 

Trichloroacetyl 

15, 16 

/9-Chloropropionyl 

1 ^-chl oroiiropi ophenonc 
i iii-i)hi*n ylpropi ophenone 

3.11.12 

11 

a-Bromopropionyl 

phenyl a-bromoethyl ketone 

6,7. 14 

^-lodopropionyl 

^f-i ckI opr o]ii ophenone 

12 

a-Bromobutyryl 

a-hromobulyrtii)hcnone 

6 

a.Bromoi8obutyr>'l 

n-bronioiRobiityrophenonp 

4 

n-^-Dibromobtityryl 

a ^-d ibrom obu tyrophenone 

9 

a-Bromoisovalcryl 

«r-bromoiflovulerophcnone 

8 

w.ft-Dibromoisovalcryl 

rt-or-dibromoiRovalerophenone 

9 
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Collet also described the reactioo of a-bromopropionyl chloride ou 
chlorobensene or bromobenzcne in the presence of aluminum chloride. 
With chlorobensene he secured p-chlorophenyl bromoethyl ketone (m.p. 
77.5°) and with bromobenzene, p-bromophenyl bromoethyl ketone (m.p. 
84 - 84 . 5 *’). 

Kohler reacted a,/3-dibromopTopionyl cldoride with bromobenzenc 
in the presence of aluminum chloride. 4-Bromoplienyl a,)9-dibromo- 
ethyl ketone, CH2Br.CHBr.C0.CeH«Br (m.p. 74°) was obtained. 

Some of the halogenated aralkyl ketones prepared by reacting halo- 
genated fatty acid chlorides with benzene and aluminum chloride arc 
noted in Table 10, page 229. 

Benzene and Halogenated Aroyl Chlorides 

In the reaction of halogen-substituted aroyl chlorides with hydro- 
carbons, generally only the carbonyl halogen is replaced. Benzene has 
been reacted with the indicated halogenated aroylchloridc and aluminum 
chloride with production of the corresponding ketone: 


Table 11 


Aoyl Hftlide 

o-Bromobenzoy] chloride 
p-Bromobenxoyl chloride 
m-Bromobensoyl chloride 
a-Chlorobexi 2 oyl chloride 
p-Chlorobenzoyl chloride 
m-ChlorobeoEoyl chloride 
o-lodobenzoyl chloride 

j^-Iodobeiizoyl chloride 
p-Fluorobeozoyl chloride 

2.6- Dibromobenzoyl chloride 
24-Dibromnbenzoyl chloride 

2.4.6- Tribroniobeiizoyl 
chloride 

4-Chloro-o-loluyl chloride 


Compd. Formed 
o-bromobenzopheuoue 
p-brom obenzophrn one 
m-bromobensoohenone 
o-chlorobcnzopneD one 
p-chlorobcnxophenoDO 
m-chlorobenzophenoiie 
o-i odobenzDphenone 

p-iodobenzophenonr 
p-flu orobenzophenonr 

2.6- dibroniobcnzophcnonc 
2,4-dibromobpDzophen one 

2.4.6- tribromobenzophcnonc 

4-chloro-2-meihylbcnzo- 

phenone 


tu.p. 

Rpf 

42^ 

1,2,3 

82.5" 

2.4,5 

77" 

3,7 

45.5' 

9, 10 

75^77" 

14 

82-83" 

a, 8 

(oxime m. 
at 152") 

3, 12 

102" 

11 

52" 

3 

121.5" 

13 

55" 

13 

147“ 

2 

41* 

15 
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In the preparation of monohalogenated benzophenoncs, it is better ti’ 
react the halogenated acid chloride with benzene than the monohalogcn- 
ated benzene with the acid chloride. Acid chlorides react more slowly 
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with halogenated benzene than they do with halogen-free benzene.^^ 
However, the reaction of di- or poly-halogensted acid chlorides with ben- 
zene is 60 slow that better yields are obtained if di- or poly-halogenated 
benzene is reacted with the acid chlorides for the preparation of asym- 
metrically halogenated benzophenone.^^^ 

In the preparation of iodobenzophenone, Montagne had told Koopal 
in a private communication that he had been able to secure the compound 
from o-iodobenzoyl chloride and benzene. Koopal was only able to 
secure it as the oxime, as had previously been reported by Wachter.^®^ 
In the reaction of halogenated aroyl chlorides with mono-halogenated 
benzenes, the entering acyl group generally goes para- to the halogen of 
the benzene. Thus Dittrich obtained 4,4'-dichlorobcnzophenone (m.p. 
144-145°) from p-chlorobcnzoyl chloride and chlorobenzene. He slowly 
added a mixture consisting of 40 g of the acid chloride and 32 g of chloro- 
benzene to 32 g of aluminum chloride in 100 g of carbon disulfide. During 
the addition of the reactants, and then for two days, the reaction mixture 
was heated on a water-bath. The yield of pure ketone was 40 g. 

Montagne observed that when tliis reaction was effected in the 
sunlight, 2,4'-dichlorobenznphcnonc (mp. 66°) was also formed. Here 
the entering acyl group entered not only para- but also ortho- to the 
halogen. The yield of 4,4'-dichlorobenzophenone, however, had been 
increased to 90 per cent by working in direct sunlight. 

The preparation of 2,4'-dichlorobenzophcnone (m.p. 66.5-67°) from 
o-chlorobenzoyl cliloride and chlorobenzene in the presence of aluminum 
chloride in carbon disulfide solution i.s described by Norris and Twieg.^®* 
p-Bromobenzoyl chloride was reacted with chlorobenzene in the pres- 
ence of aluminum chloride by Gomberg and Bailar,^®® who secured a 60 
per cent yield of 4-chloro-4'-broTnobenzophcnone, m.p. 150°. They also 
]iropared the same ketone from 4-chlorobenzoyl chloride and bromoben- 
zene. The reaction of p-bromobenzoyl chloride wuth chlorobenzene is 
also described by Groves and Turner, and by Bockemuller and 
Janssen.^®^ 

Chlorobenzene and- oj-bromo-o-toluyl bromide were reacted in the 
presence of aluminum chloride and carbon disulfide by Mayer and Fisch- 
bach.’^** The reaction mixture was stirred for one day at room tempera- 
ture. Using 20 g of the acid bromide and 8 g of chlorobenzene, there was 
obtained 7 g of 3-chloroanlhronc, m.p. 142-144°. Here substitution of 
botli bromo- groups occurred. 

Bromobenzene and p-, o-. and m-bromobenzoyl chlorides have been 
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reacted in the prisRcnee of aluminum chloride. Hoffmann reported the 
formation of 4,4'’dibrnmoben8ophenone (m.p. 172-173°) by heatina 
gently for two riaya a mixture of p-bromobenaoyl chloride, bromobenaene, 
aluminum chloride and earbon diaulfide. Using 12 g of the acid chloride 
he secured 8 g of the ketone. Montagne observed that the Friedel- 
Crafts reaction with p-bromobensoyl chloride and bromobensene leads 
to tiie production of some 2,4'-dibromobenBophenone (m.p. 82°) in addi- 
tion to the 4,4'-dibromo-compound (m.p. 175.5°) which is the chief 
product. 

Bromobensene was reacted with o-bromobensoyl chloride by Heiden- 
reich.^*^ He diluted a mixture of the acid chloride and the bromobensene 
with twice the amount of carbon disulfide, added aluminum chloride, and 
then gently heated the mixture on a water-bath for half an hour. He 
obtained a dibromobensophenone, probably the 2,4'-dibromo-compound, 
and reported its melting point to be 61-62°. 

Gomberg and Bailar reacted m-bromobensoyl chloride with bromo- 
bensene. They heated on a steam-bath for three days a mixture con- 
sisting of 20 g of 3-bromobenxoyl chloride, 50 cc of bromobensene, and 
14 g of aluminum chloride and secured a 49 per cent yield of 3,4'-dibromo- 
bensophenone, m.p. 132°. 

The reaction of iodobensoyl chloride with iodobensene in carbon disul- 
fide in the presence of al uminum chloride was found by Hoffmann to 
give only a small yield, about 4fi per cent, of diiodobensophenone. Mon- 
tagne secured an 18 per cent yield of 4,4'-<liiodob^ophenoDe by 
heating the reaction mixture at 55-60° for four days in sunli|^t. 


Alkyl Benzenes and Halogenated Acid Chlorides 

Collet has reacted bromoacetyl chloride, a-bromopropionyl chlo- 
ride, and s-bromobutyryl chloride with toluene and p-xylene in the pres- 
ence of aluminum chloride. He similarly condensed chloroacetyl chloride 
with toluene, xylene, and mesitylene.**' Practically all these preparations 
have been repeated by Kunckell,^*'' who also reacted p-cymene, ethyl- 
benzene, and mesitylene with some of the acid chlorides mentioned above, 
getting in every case (with the exception of mesitylene) monoacylation 
by replacement of carbonyl halogen. With mesitylene he obtained diaey- 
lation. With 1,3,6-triethylbenzene, too, diacyl ation was obtained if 
three times the theoretically necessary amount of aluminum chloride wa^ 
UBed.^“ A number of other halogen ketones were prepared by Jacobs and 
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HeidelbergeTi^** who slightly varied the methods of Kunokell aad co- 
workers. The reaction of ethylbensene with ohloroacetyl chloride has 
also been described by von Auwers.^”* 

Halogen-subetituted aroyl chlorides react normally with alkylated 
bensenes and aluminum chloride. Some reactions of this type are given 
in Table 12 . 

Table 12 


Alkylated bauenei Aoid Halide 

Toluene o^chlorobcnzoyl chlondo 

Toluene o-bromobenzoyl chlonde 

Toluene jMshlorobensoyl chloride 

m-Xylene o-chlorobenxoyl chloride 


Product 

o-uhlorophenyl p-tolyl ketone 
o-bromophenyl (7)-tolyl ketone 
p-chlorophenyl p-tolyl ketone 
2,4Hlimethyl'2'-chl orobeneophenone 


Ref. 

1 

2 

1 

3 


ReftrenCEE 


1 . W. D. Cohen, Rec. trav, cfum., 38 , 118-131 (IBIB); /. Vhem, Boc. Abs.. Hi, 118 (IBIB). 

3 . A. Heideni^, Ber<. 27 . 1483-1486 (IBiM). 

3 Gcrmiui P. 167,171 (IQIS) to Aktjeii-Qe 8 t 4 lM:hafi fOr Anilin Fabnkation; C. Z., 1813 (IT), 2014 . 


Reaction of Benzene or of Benzene Homologs with Phosgene 

PliOBgene, COCI 2 , is a. ver>^ reactive compound and will react readily 
witli many organic derivatives without the use of a catalyst^®*; but the 
addition of aluminum chloride frequently facilitates reaction. In early 
work on the react ion of pluKsgene with aromatic hydrocarbons in the pres- 
ence of aluminum chloride it was shown that a rapid reaction with 
benzene yielded benzoyl chloride and Ixmzoic acid, but that a longer 
reaction time gave benzo])henone: 

Vdu f rovu — ► vduvov\ ^ iici 

C,H,CX)C1 CMUCOOII + HCl 

C,H. + CJI.CX)C1 — ► r.H,COC,H, + HCl 


Toluene reacts similarly to yield p,p'-ditolyl ketone.^®'* 

A more recent investigation of this reaction has given more infor- 
mation on the process. It was found that the intermediate formation 
of a complex, CbHiiCOQ 1.A1C13, gave a product which could be hydrolyzed 
to give benzoic acid, but that this complex reacted very readily with more 
benzene, forming benzophenonc almost entirely and without regard to 
operating conditions. However, if carbon disulfide was used as a solvent, 
a large yield of benzoic acid could be obtained because of the low solu- 
bility of the complex in carbon disulfide. The complex is thus removed 
from the reaction before it has time to react with more benzene to form 
henzophenone. The yield of benzoic acid is also increased by slowly 
dropping benzene into a cold mixture of carbon disulfide, phosgene, and 
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aluminum chloride, because this affords the best conditions lor precipi- 
tating the C«HbCOC 1 .A 1 C 13 complex out of solution as it is formed, and 
before it can contact more beusenc. This process gives a 90 per cent 
yield of pure bensoic acid. 

By treating a solution of phosgene in benzene with aluminum chlo- 
ride under cooling, beuzophenone is obtained in 85-90 per cent yichl. 
m-Xylene reacts similarly to form a di-xylyl ketone with at least two 
methyl groups in ortho- position to the carbonyl group. The addition 
of carbon disulfide to this reaction is not so effective in producing an acid 
derivative, although a small amount of a 1,3-dimethylbcnzoic acid is 
obtained. Dipscudocuinyl ketone, 2,4,5,2',4',5'-hcxamethylbcnzophcnonc, 
is also readily prepared from pscudocumenc and phosgene in the prcsrucc 
of aluminum chloridc.^^** 

On the other hand, durenc with phosgene and aluminum chloride at 
0 to — 10° gives only durenc carboxylic acid; pentamethylbenzcnc simi- 
larly gives only the acid.**® 

Reaction of Benzene or of Benzene Homologs with Saturated Dicarboz- 

ylic Acid Chlorides 

Except in the case of oxalyl chloride, reaction of saturated aliphatic 
dicarboxylic acid chlorides with benzene or with benzene homologs lead'- 
to production of mono- or di-kctoncs, depending upon the amount of 
hydrocarbon employed.*®'^ 

Oxalyl Halide 

Because aluminum chloride deeompo^es oxalyl chloride, the reaction 
does not proceed in the expected way: 


COCl 

COCali. 

J + 2C6lIi 

^OCall. 

COCl 

or, 

(JOCl 

cocai. 

1 + C*1I. 

— ^ 1 

COCl 

COCl 


Instead, reaction products arc similar to those obtained from phosgene ni’ 
from carbon monoxide since the oxalyl chloride is decomposed into the.M' 
products. 

The reaction products vary with the conditions employed. Upon 
gradually adding 26 g of aluminum chloride to a solution of 12.7 g of 
oxalyl chloride in 25 cc of benzene and 50 cc of carbon disulfide there 
was obtained 16.2 g of benzophenone. When tlic reaction was conducted 
under strong cooling, and a carbon disulfide solution of the oxalyl chlo- 
ride was slowly added to a mixture of aluminum chloride, benzene, sno 

»F. Wansd ud F. WobiKb, MmaUK, 3S, S87-MS <!««); /. Ohm. 8oc. Abi.. US (!)■ HI 
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carbon disulfide, bensoyl chloride was obtained almost quantitatively, 
together with a email amount of beneophenone.^’^^ 

However, with oxalyl bromide, the reaction does yield some benzil, 
CbHsCO.OCCcHs, together with twice the amount of benzophenone. The 
formation of benzil may be explained by the fact that because oxalyl 
bromide is much more active tlian is oxalyl chloride, some of it unites 
with benzene before it is decomposed to carbonyl bromide and carbon 
monoxide.^®® The course of the reaction may, therefore, be said to be 
directed by the reactivity of one of the compoiMjnts. 

The reaction of ethylbenzene with oxalyl chloride and aluminum 
chloride under ice-cooling with subsequent decomposition of the catalyst 
complex has been shown to result in the formation of p-ethylbenzoic 
acid.^®® Here the reaction conditions were substantially those used by 
Staudinger in the preparation of benzoyl chloride from benzene and 
oxalyl chloride, to which reference has already been made. Production 
of the acid in this case was due to hydrolysis upon decomposition of the 
catalyst complex. 

Acids were also produced adding aluminum chloride to a mixture of 
oxalyl chloride, carbon disulfide and toluene or one of the three xylenes 
under cooling, anil decomposition of the catalyst complex with aqueous 
hydrochloric acid.^®- The following monocarboxylic acids were obtained 
111 yields of 70-95 per cent from the indicated hydrocarbons: 


Uydroourbon 

Toluene 

o-Jl^lene 

m-Xylrnc 

p-Xylene 


And 

p-ioluic acid 
o-xylyl-4-carboxylic ucid 
m-xylyl-4-carboxylic acid 
p-x>'lyl-2-rarboxylic acid 


Obviously the preferred position of the entering acid chloride residue is 
para- to a methyl substituent, unless that position is already occupied, 
in which case it goes ortho- to a methyl group. The product from 
7>-xylene, obtained in almost quantitative yield, is iso-xylylic acid: 


CHa 



CHb 


A similar reaction occurs with p-chlorotoluene and oxalyl chloride 
with aluminum chloride. Here 6-methyl-2-chlorobenzene-l-carboxylic 
ticid (m.p. 163-166^) is obtained in 40 per rent yield. The reaction also 
led to the simultaneous formation of dimcthyldichlorobenzophenone, due 
decomposition of some of the oxalyl chloride.^®® 
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SueeUiyl CUorido 

Succinyl chloride condenses with 1 mole of benzene to form ^-benzoyl- 
propionyl chloride (reaction 1) and with 2 moles of benzene to form 
a,/9-dibenzoylethane (reaction 2).^^ 

(1) CH.COC1 

I + CaHi — ^ C.HiCOCH.CH.COCl + HCl 

CHaCOCl 

(2) CHaCOn 

1 + 2C.ri. — ► (;.H.COCHiCH.COC.na + 2H(‘I 

CH.COCI 

Succinyl chloride may react as a lactone, in which case, y,y'‘diphenyl- 
butyrolactone is obtained with benzene and aluminum chloride. The 
reaction has been studied by Auger who added aluminum chloride to 
a well cooled benzene solution of succinyl chloride and allowed the mix- 
ture to stand for five hours. Lutz reversed the procedure. He added 
the acid chloride to well stirred benzene and aluminum chloride. In this 
way he was able to use higher temperatures and decrease the reaction 
time to fifteen minutes. 

In reacting succinyl chloride with toluene, Limpricht obtained the 
diketone, C 2 H 4 (C().C 6 H 8 CH 3)2 (ni.p. 161°) as well as a product result- 
ing from the reaction of the lactone form of the acid chloride and toluene, 
which was y,y-ditolylbutyrolactoue, 

Cl 

/ 

HjO— C-C l 

I ^ + 2C.H.CH. — > 

HaC— C 

II 

O 


iiic— r 




(CiH4rH.). 


HaC- 




+ 2UC1 


II 

o 


melting at 156-157°. 

Hale and Thorpe®® prepared 1,2-di-p-toluylcthane (the diketone 
formed in the above reaction). A mixture of IM g of toluene and 25 g 
of succinyl chloride was placed in a flask provided with a reflux con- 
denser and gradually treated with 25 g of aluminum chloride. The mix- 
ture was warmed to 50° on a water-bath for one hour and then let stand 
overnight at room temperature. The contents of the flask was then 
treated with cold water and the excess toluene distilled off. In order 
to remove the lactone present the residue was warmed with a slight 
excess of 2 per cent sodium hydroxide. The diketone was unaffected. 
It may be crystallized from hot alcohol. The yield was only 2 to 3 g- 
owing to the fact that the greater pari of the acid chloride reacts in the 
as 3 rmroetrical form (as the lactone). 


Ann. 
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Claus*** prepared l^-di-Cm-xyloyl) -ethane, C2H4[CO.CtHi(CH|)i]3 
(m.p. 129”) from succinyl chloride and 2 moles of m-xylene. Using 
1 mole of the latter, j9- (2, d-dimethylbensoyl) propionic acid, CaHi(CH|)s- 
CO.C3H4COOH (tn.p. 108°) was formed. The diketone obtained from 
p-xylene melted at 123°. 

Luts *** reacted halogenated succinyl chlorides with benzene. Here a 
solution of the acid chloride in benzene was added to a stirred mixture 
of aluminum chloride and benzene. The reactions proceeded normally: 

CHXCOCl ..ri. 

I + 2 C.Ht CJliCOCUXCHXCX)C.U> + 2 UC 1 

CHXCOCl 


^’arious dihalogenated meao- and dl-succinyl chlorides were reacted in 
this fashion. The configuration of each dihalide of dibenzoylethylene 
corresponds to that of the acid chloride from which it was prepared. In 
no case was there isolated any significant amounts of isomerized or 
reversed products. 

Adipyl Chloride 

Adipyl chloride gives with 2 moles of benzene, l,4-dibcnzoylbutanc‘'*'‘: 


CH.CII.CO(n 
I + 2 r.n. 

ClliClhCOCl 


('ir»ciha)f'iH5 
I + 211 CI 


A 75-81 per cent tluMneticiil yield of the diketone has been obtained.*®** 

Halonyl Chloride 

Malonyl chloride reacts with aromatic hydrocarbons in the presence 
of aluminum chloride to give a diketone of the type R.CO.CHjCOR, a 
ketone of the type R.COOHs, and a hydrocarbon.****’ 

The treatment of diethyl malonyl chloride wdth benzene *** in the 
presence of aluminutn chloride results in the formation of indandiones 
as the chief product according to the equation: 


+ 


coo 


/ 

(CiHi)iC 

\ 


COCl 


o 

(^^C(C.I 1.)1 + 2 IICI 


Rquimolecular quantities of benzene and the chloride yield a very 
small amount of dicthyldibenzoylmethanc, (OflHiiOO)2C(C2Hij)a> but the 


^ Clftus und otbna 
R. C. • ■ 


1 otbam. Bar,. JO. U74-1878 (laW): /. Aoc. AhB,, 

imh A T. O^anie SyntheatM, 13, 33-84 (1033) : C. A . ^ ^ 

170 Amowr, Bull, tor, ehtm. fSJ, 0, 800-T04; Chem. Hoc, Aba., io (1), 184 (1884) 

M. Frwind uid K. FtSiwher, Ann., 373, 301-886 (1010); /. dhfm. Sot. Aba., N (I), 400 (1010). 
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chief product is 2,2>dicthylindan-l^-dione as shown in tlic equation 
above. 

The condensation of bcnscnc with dimetliylinalonyl chloride, 

coci 

(CU.),C^ 

\x)CI 

docs not result in a similar formation of indandiones.*^’ Instead, witli 
cquimolccular proportions of benzene and the acid chloride, there is 
formed chiefly isopropyl phenyl ketone, (CHnliiCH.CO.CsHs, besides two 
solid isomers, dimethyldibenzoylmcthanc, (Cll 3 ) 3 CHCOCaHr ,)2 (m.p 125°) 
and the lactone of x-dimetliyl-jS-diphenyl-^-hydroxypropionic acid. 


C(cai.). 

(CU.).c'^ , m-p. 194". 


I 


The formation of these two isomers can be explained by the fact that 
dimetliylmalonyl chloride exists in two isomers; as an acid chloride^ 


or as a lactonei 






('OGI 


\ 


COCI 


CCla 

(ch.)k;^ o. 

V 


h 


If an excess of benzene is used with the dimetliylmalonyl chloride there 
results an oil (b.p. 230-270°) which analyzes for dimethylindandione. 


Cc" 


y<c-cn« 

CO '■CHj 


and the two solid isomers noted above. 

The diketone, ditoluylmethane, CHafC().C(iH 4 CH 3)2 (m.p. 126°) 
prepared from toluene and malonyl chloride: 


»>M. Vrauud Slid K. F1eiwb«r, dnn., IM, 112-241 (1212), C. A., T, 2727 (1212). 
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II,C 


/ 

\ 


COCl 


+ 2C.H.CH* 


COCl 


CH.C.H4COCH.COCiH.CHs. 
ditoluylmethanc, m.p. 120** 


Similarly, bis- (ethylbenzoyl) methane, CH 2 (COC 8 H 4 .C 2 Hb) 2 , was pre- 
pared from ethylbenzene. It melts at 42°. The hydrocarbon produced 
together with this diketone is m-diethylbenzene.^'^- The action of 45 g of 
ethylmalonyl chloride on 200 g of ethylbenzene with 100 g of aluminum 
chloride yields the diketone CH.C2H5.(CO.CoH4C2H3)2 (m.p. 88-89°), 
and m-diethylbenzene.^'^^ 

The condensation of dimethylmalonyl chloride with p-cymene^^^ in 
tlio presence of aluminum chloride gives only one product, cymenedi- 
inotliylindandione, 

CO 

nT,[(riIibCHlC.H»'^ ^C(CH,)., 

^CO^ 

bp. 168-1 69°/14 mm. Condensation of diethylmalonyl chloride with 
p-cymene yielded only the corresponding ethyl derivative, cymene- 
ilicthylindandione, according to the equation: 


CHs 



nr 


/ \ 
rii, ciH 


f- 2 H 5 roci 


\ / 
c 

/ \ 

r*H* 


roci 


CHj 



CH(cni;i 


Aromatic Dicarboxylic Acid Chlorides 

In reacting phthalyl chloride with benzene and aluminum chloride, 
Bacyer reported the production ol phthalophcnone in yields of 80-90 
per cent based on the phthalyl chloride used. Here the chloride reacts as 
the lactone, the reaction proceeding: 


C(n)i 

C.H4 0 + 2r,ni 

V 


C(C.H .)2 
/ \ 

C4H4 0 

V 


+ 2 HC 1 


According to Haller and Guyot,”* a email amount of 10,10-diphenyl- 
fiuthrone-(9) is also obtained. If an insufficient amount of aluminum 


'"m 5^ fwit., no, m-tn (lOOO); /. Chm. aoe. Ab,.. » 

™M. Fruuiii and K. Ptawdiw, dim . jio, IM-Ml (HU)! C. d . 7, !l7a7 
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A. Haller and A, Qujrot, BkU. tor. cliim ($), 17, 078 (1807) 
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chloride is used, eome 2'beneoylhcnsoic acid is formed during the reac- 
tion.*” 

Similarly, one mole of m-xylene reacts with terephthalyl chloride to 
give 4-(2,4-dimethylbeninyl)bcnzoic acid.*** 

Normal condensation occurs witli isophthalyl chloride and bouene, 
with fomation of isophthalophenone.*” The reaction takes place in two 
stages: 


COCl COCtHf COCiHi 



The isophthalophenone boils at 260° and melts at 99.5-100°. 

When phthalic tetrachloride is dissolved in four parts of benzene and 
mixed with 3.5 parts of aluminum chloride, the temperature being kept 
at 40°, diphenylanthronc is produced. With other proportions of alu- 
minum chloride, phenyloxanthranol and anthraquinonc are formed.**” 
A tetracarboxylic acid chloride has been shown to undergo usual 
Friedel-Crafts condensation with chlorobenzene. Scholl, Meyer, and 
Keller *** heated and slowly stirred for six hours a mixture consisting of 
1.4 g of 1,3,5, 7-anthraquinone carboxylyl chloride, 50 cc of chlorobenzene, 
and 4 g of aluminum chloride. They obtained a 28 per cent yield of 
1 ,3,5,7-tetra-p-chlorobenzoylanthraquinQne : 

o 



together with 1.3 per cent of 3,7-bU(p-chlorobcnzoyl)-9,10,bis(p-chloro- 
phenyl) anthracene-1 ,5-dic8rboxylic acid : 


CIC<H4C0 


coon 

CiH 4 CI 



COC 4 H 4 C 1 


COOH 

Cill4GI 


Rdl« tod A. Quyot, C§mpt, rEnd., illilM (IMI). 

^S. Olir» V, John, aid R. Avonuii^ Jar.. 71. Sin^lin (IflM). 
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In the first esse the tetrscsrboxylic acid chloride had reacted as an acid 
chloride, and in the second case as a lactone. 

Toluene reacts with phthaloyl chloride to yield 3,3-di-p-tolyl phthal- 
ide.^*’’ Limpricht*" diluted a mixture of equal parts by weight of 
phthalyl chloride and toluene with carbon disulfide and gradually added 
al uminum chloride (} of the weight of the phthaloyl chloride). The reac- 
tion began immediately; after all of the aluminum chloride had been 
added it was heated under refiux for several hours. Upon removal of the 
solvent, and treatment of the residue with NaOH, crystallisation from 
alcohol gave beautiful crystals of ditolylphthalide, m.p. 116.5°. Here the 
phthaloyl chloride had reacted in its isomeric form: 


cell 

^0 + 2C.H.CII. 

\ / 

C 

A 


/ \ 

C.II4 O 

V 


+ 2HC1 


Limpricht obtained approximately a theoretical yield. Guyot reported 
that 2-methyl-10,10-di-p-tolylanthrone was formed in this reaction. 

Using terephthalyl chloride with toluene, Connerade synthesized 
di-p-toluylbensene (m.p. 164°) thus; 


cool 

+ 2C.H.CH. 
coci 


C0CiH4CHi 



COCtHiCHi 


+ 2HCI 


Under carefully chosen conditions, Mason condensed 1,8-naphthalyl 
chloride with bensene to obtain a 72 per cent yield of 1-benzoyl-naphtha- 
lene-8-earboxylic acid chloride as follows: 



Hydrolysis of the chloride yielded the l-benzoylnaphthalene-S-carbox- 
ylic acid. Dicarboxylic acid chlorides of polynuclear hydrocarbons 
undngo similar condensation with benzene. Vollmann and co-workers 
obtained 3,8-dibenzoylpyrene (m.p. 239°) from pyrene-33-dicarboxylic 
acid chloride and benzene, and 3,10-dibcneoylpyrene (m.p. 166°) from 
pyrene-3,10-dicarboxylic acid chloride and benzene. The reaction of 
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peiylene dicarboxylio chlorides with benzene and toluene has been used 
to identify ketones prepared from perylene and benzoyl- and toluyl- 
ohlmideB. 

Perylene-3,9-dicarboxylyl chloride reacts with the xylenes in the 
presence of aluminum chloride to give 3,9-di-xylylperyIenes.^’* 

The chloride of l,l'-binaphthyl-4,4'-dicarboxylic acid condenses nor- 
mally with benzene and aluminum chloride to give 4,4'-dibenzoyl-l,l'-bi- 
n^pbthyl, m.p. 146-147°. It is identical with the product obtained from 
the reaction of 14 '-binaphthyl with benzoyl chloride and aluminuiii 
chloride.*" 

Unsaturated Dicarbozylic Acid Chlorides and Benzene or Benzene 

Homologs 

The reaction of unsaturated dicarboxylic acid chlorides nr their mono- 
esters with aromatic compounds has received much attention, with par- 
ticular reference to possible cu-frons- isomerization during the Friedel- 
Crafts reaction. 

Fumaryl chloride with benzene and aliuninum chloride has been 
reacted to give a 74 per cent yield of frons-dibenzoylethylene (m.p. lir ) 
according to the reaction; 

ClCOCn : CHCOCl 4 2 C.n. CiHgCOCH : CUCOOslJt -f 2 nci 

Upon replacing benzene with chlorobenzene, toluene, or inesitylcne, 
the corresponding derivatives of dibenzoylothylene were similarly pre- 
pared. The following fmn^-diketones were thus secured’*^”: 


BubiUnee 

jn.p. 

Yield (%) 

CH.CACOCH: CHCCMi^ACIL 

148’ 

75 

CiC.H.COCH: CHCOC.H.CI 

172’ 

51 

(CH.)i,C.Hrf30CH: CHCOC,H,(CH.,) , 

174’ 

75 


With m-xylene, fumaryl chloride reacts normally in the presence of 
aluminum chloride to give tranfi-di-2,4-xylylethylene (m.p. 125.5-12G') 
in 15 per cent yield.^®^ 

Fumaryl chloride and o-chlorotoluene with aluminum chloride anti 
carbon disulfide give a 51 per cent yield of bis(4-chloro-3-mcthylbenzuyl)- 
ethylene (m.p. 209-210*^) according to the reaction; 


CICOCII : CHCOCl + 2fnC.IIgCIJ3 
Cl Cl 

! CHCOC.H.'^ + 2HCI 

CH,'^ 


FDDBTiitB, Manatahu flf, 168-178 (1880); Brit. Chmn. Abitraeta-A, 1S81 (1830). 

«•€. tar And It Sdioll, Am.. 3f0> 82-98; C. A., 7, 2840 (1018). . . 

>**J. B. Co^i and R. B. LuU, /, Am. CHem. Boe., 45, 1808-1807 (1828), ta bIho R. K 
Orttmic Bynthaaaa. 20, 28-82 (INO), 
uiH. G, Oddy. /. Am. Chem Bor . 45, 2166-2180 (1833). 
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Bromobciueno and fumaryl chloride react in analogous manner, a 
73 per cent yield of bis (4-bromobenaoyl) ethylene (m.p. 188.5°) being 
obtained.^”’ Bromobenaene with dibromofumaryl chloride and aluminum 
chloride give a 60 per cent yield of tran8-l,2-bi8(p-bromobenzoyl)-l,2- 
dibromocthylene, m.p. 235.5°.”® 

Dibromofumaryl chloride with mesitylcnc and aluminum chloride in 
carbon disulfide reacts normally, pving a 49 per cent yield of trans-bis- 
(2,4,6-trimethylbenzoyl) dibromoethylene, m.p. 198.5° : 




Bi— C— CO . CiHsCCH*)! 


CICO— C— Br 


(CH.).C.U. 




Br + 2HC1 


With benzene instead of carbon disulfide as solvent, the mesitylene did 
not react. Benzene substitution was effected, instead, and the product 
wah frans-dibcnzoyldibromoethylene.^®^ 

With bromomesitylene and fumaiyl chloride in the presence of alu- 
iniiium chloride and carbon disulfide, a 50 per cent yield of l,2-bis(3- 
l)ronio-2, 4, 6-trimethylbenznyl) -ethylene, BrCoHmCOCHrCHCOCttHioBr 
(m.p. 228-230°) has been obtained.'®* 

In pursuance of this study, the Friedel-Crafts reaction with the acid 
ehloridcs of citraconic (inethylmaleic acid) and mesaconic acids (methyl- 
luinaric acid) or their mono-esters has been investigated'®® in order to 
ascertain the influence of the methyl group on the course of the reaction. 
The reaction is found to proceed more readily with the trans-isomer than 
with the CIS-compound. In the case of the acid chloride of mesaconic 
iicid, or its mono-methyl or ethyl subhtiiuent, the reaction involves largely 
the carbonyl chloride which is farthest removed from the methyl, thus: 


ClI,— C— COCl 
CICO— ll>-H 

citraconyl chloride, the carbonyl adjacent to the methyl group is 
largely involved, as for instance with the acid chloride of the cis-jS-mcthyl 

acid: 

HC— COCl 11— C— COOII 

CHiLcoCl I'.H.Br*’ CH,— I;— COC.II,Hr 


AlCh 


CII,— C— COOH 
BrC.U4C0— I;— u 


biiicc the yield in tliis ease is very small, the tendency to react in the cis- 
form is not great. 

The governing factor in inversion during the reaction has been shown 
to be the position of the methyl group. 
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An extensive study of the Friedel-Crafts reaction with aoylated acry- 
lyl bhlorides was made by Luts.^” 

Cis-pseudo-/9-beiuoy]dibromoacrylyl chloride was treated with alu- 
minum chloride and benzene in a typical Friedel and Crafts reaction. It 
was hoped that the acid chloride would react partly to give some cia- 
dibensoy Idihromoethylene : 


Cl 

Br . C’ — C^— CiHi 


Br 


U- 


CaH» -t- AlCU^ 


'Cw-pHeudo-^>ben2oyl- 
libromoacrylyl chloride) 


Cw-C.H.COCBr : CBrCOCMl. 
(CM-dibenioyldibromoethylenc) 


The reaction did not proceed in this way, however. Neither did it 
undergo the reaction characteristic of other lactone forms of dicarboxyli(‘ 
acid chlorideSi which in this case should have proceeded: 


Cl 


Br.C- 


"C — Calls 


Br. 



C'alfa + AirU^ 





d Aym-4,4 ' -diphenyl- 1 ,2- 
aibromorrotnlB rl one 


0^2/111-4, 4-Diphenyl-l^-dibromocrotolactone may have been formed as the 
intermediate product, but this must have been followed by opening of the 
lactone ring to adroit another phenyl group, and a subsequent internal 
condensation with loss of hydrogen bromide, for the reaction product wrh 
l,l-diphenyl-2-bromo-3-oarboxyindene, 


ralla 



C-COOH 


The new compound melted at 242-243° with decomposition. It was 
obtained in 71 per cent yield. 

Treatment of trans-lranzoyldibromoaorylyl chloride with benzene and 
aluminum chloride results in the formation of the expected trami-dibcn* 
zey Idihromoethylene in 64 per cent yield according to the reaction: 


call 


Hr— 

I.CX)— A— 1 


-Br 


CsHjOO— C— B r 


MR. E. iMiM, /. itiA. ChfM. Bar,, 52, MM-MH (1|I0>, 



KETOlfB aYSTHBSSB 


946 


The reaotioD of fran8-/9-mesit(iyldibromoacrylyl chlorido with mesity- 
lene and aluminum chloride prcH-eodrd analogously, a good yield of trans- 
dimeBitoyldibromoatliylene, 

Bi— C%-CO . C,H.(CH,). 

(CH,)^JIiCO— Ik-Br 

being obtained. 

Benzoyldibromoacrylyl chloride with mesitylene and aluminum chlo- 
ride in carbon disulfide gives a small yield of l-benzoyl-2-(2,4,6-tTi- 
methylbcnzoyl)-dibromoethylcnc (m.p. 102.5°) the reaction proceeding 
with normal substitution of mesitylene: 


COCalli CiH.fCii,), + Airil y 
nCO-C-Br 


Br— C— COCJI. 

II + nci 

(C’I?.),C.IhCO— C— Br 


If benzene is used as the solvent, however, the benzene reacts instead of 
the mesitylene. In this case a good yield of (rnns-dibenzoyldibromo- 
etliylene is obtained. 

Benzene and Benzene Homologs with Aralkyl Acid Chlorides 

Normal substitution has been reported iu the reaction of phenylacctyl 
chloride or its homologs with a number of alkylated benzenes in the pres- 
ence of aluminum chloride, as ran be seen from the following summary: 


Ilydrocarbon 

Toluene 

Toluene 

Ethylbenzene 

p-Xylpne 


Acid Chloride 

phcnylacetyl chloride 
phcnylacetyl chloride 
phcnylacetyl chloride 
phenylueetyl chloride 


Mesitylene phenylacelyl chloride 


Xetone 

7 >-tolyl benzyl ketone 
tolyl benzyl ketone 
benzyl (4-ethylphenyl) ketone 
benzyl (2,5-diinethylphenyl) 
ketone 

s V w - ( rim ethy 1 d esoxy benzoin 
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Condensation of ^-phenylprojiionyl chloride, C 0 H 5 .CH 2 CH 2 COCI, 
with aromatic compounds in the presence of aluminum chloride gives 
small yields of normal Friedel-Crafts condensation product, because of 
ring closure of the acid chloride.^®* 

Many aralkyl acyl chlorides have been found to react with benzene 
Hnd aluminum chloride in an abnormal fashion. McKenzie and Wid- 
dows 1 ®® reported that the reaction of phcnyl-p-tolylacetyl chloride with 
henzene seemed to proceed smoothly as: 


J'«A. 


»un gad H. Dnitiioh. Ber., 45. 8171-2188; C. 4^ 6. 2887.^ 
miff ffiid a. T. WIddffWi, /. Chem. 8oc., 107, 705-715 (1815). 
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CA— CH— GOCl + CiHi 


AlOb 


CH.C.H«-C!H— C^.Hi + HCI 


However, when Koelsch tried to prepare phenyl-p-tolylacetophenone 
in this way, he was unable to do so. The only product which could be 
isolated was dipbenylmethane. McKenzie, Roger, and McKay 
repeated the work of McKenzie and Widdows and found that the com- 
pound thought by them to be phenyl-p-tolylacetyl chloride was in reality 
triphenyl carbinol. The reaction obviously had taken the following 
abnormal course: 


CiH. Cl 

^CH , 

CtHt o 


+ 3C,H. 


r.H. 


CjII. 


\ 

/ 


rii— c(Ciii5)j f nci H iho 


It is possible that the tetraphenyltolylethanp postulated above may have 
tmdergone scission, and that the resulting triphenylinethane was con- 
verted into its peroxide, which was subsequently hydrolyzed to triphenyl 
carbinol. The latter compound was obtained by these authors if tlie 
phenyl-p-tolylacetyl chloride used was ])repared by chlorinating the 
corresponding acid with thionyl chloride which had been purified. If 
ordinary thionyl chloride was used for the chlorination, the compouiul 
obtained by the action of the acid chloride on benzene was triphenyl- 
methane. 

McKenzie and Tattcrsal attempted to prepare oi-naphthyldesoxy- 
benzoin by the reaction of phenyl-«-naphthylacetyl chloride with ben- 
zene, thus: 


CtHi 

I 

CH . COCI CiHi . CU . CO . Cilli 



They were unable to obtain any evidence that the action took this course. 
One of the products was a compound melting at 115.5-116.5°, and it« 
analysis showed that the reaction had proceeded in an unexpected man- 
ner, since one molecular proportion of hydrogen chloride was eliminated 
from tlie acid chloride. It was thought not unlikely that an additive 
compound of the acetyl chloride and aluminum chloride had been formed, 
in which compound both the hydrogen (attached to the asymmetric carbon 
atom) and the chlorine of the COCl group may be more mobile than in 

«»0. P. Xad^, /. Am. Ohm. Bet.. 54, SBM.ZtSZ (IIU). 
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the acid ohiorido itself. Koelsch and Bichter repealed Uic work and 
showed that the compound (m.p. 115.5-116.6°) was T-phenylacenaph- 
thenone, 

CtHiClI — CO 



When Klingcmann treated diphcnylacctyl chloride with benzene in 
the presence of aluminum chloride, he obtained a substance which he 
assumed was the anticipated diphenylacctophenonc, but the chief product 
of the reaction was triphcnylmcthane. It was later shown®®® that the 
assumed diphenylacetophcnoiie was in reality triphcnylvinyl alcohol. 

Triphenylvinyl alcohol has also been shown to be the product of the 
reaction of acetylmandelyl cliloride and benzene.®®® Its formation may 
l)c explained by the following scries of reactions ; 

(1) The formation of acetylbenzoin; 

Cilfi . ClI . COCl + CiII. Aicn '*** • 

([)(;o . cu, *’ ico . Cll, 

(2) The fonnatiuii of dc^yl chloride by Ihe action of the evolved 
hydrogen chloride on acetyl benzoin: 


. c;ii . CO . Cilia f iici 


AWU 


io 


C’siu . cijci . c:o . c.Ui + cihCooH 


CO . CH, 


(3) Dcbyl chloride, benzene, and aluminum chloride then form a 
ketone which immediately rearranges to triphcnylvinyl alcohol; 


C.H, . CJICI . CO . CilJi ^ CiHi 


Aids 


CiHi. Cll .CO. (Ml. 
^•iii 


C.lh C.1I. 

/ \ 

C.II. OJI 


Unsaturated Aralkyl Acid Chlorides 

Unsaturated aralkyl acid chlorides have also been found to give 
unexpected products in reaction with benzene and aluminum chloride. 
Kohler and co-workers®®^ obtained a hydrindone and j8,jB-diphcnylpro- 


»S- £:.Ka«lnb ud H. J. AichUir, J. Am. CArm. Sue., », 31(5-31U (1337); C. A.. 32, 333. 

2837 uino) ^ 5 Chem. 44, B0-7B (IPIO); C. A*, 4, 
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piophencme from oinnamoyl chloride and bensene; he was not able to 
secure styryl phenyl ketone. These results have been substantiated by 
vonAuwers and Risse.*"* 

With bromobensene and cinnamoyl chloride, however, some normal 
substitution does occur. Bensal-p-bromoaoetophenone (m.p. 100-101°), 
together with 6-bromo-l-phenyl-3-hydrindone, is obtained.**'^ Mesitylene 
with cinnamoyl chloride likewise gives cinnamoylmesitylene.^ 

In reacting cinnamoyl chloride with benzene homologs and aluminum 
chloride, the following results have been obtained 


Hydrocarbon 

Product 

mp.(“C) 

Toluene 

4'uie thylchalcone 

76 

o-Xylene 

3'-4'-dimethyichalcone 

72-73 

tn-Xylene 

(2',4'-diiDethylchalcoiie 

71-72 

l5,7-diniethyl-3-ph6nyl-l-hydrindoDe 

101 

p-Xylene 

4,7-dimethyl-3-phenyl-l-hydrindone 

94-05 


Formation of chalcone or hydrindone depends upon the presence nf 
methyl groups on the benzene ring, so placed that they inhibit ring clo- 
sure of the primarily formed chalcone. Ring closure of chalcone to 
hydrindone is prevented, or at least is made difficult, if there is a methyl 
group in the meta- position to the hydrogen atom in the benzene nucleus 
which is to be displaced upon ring closure. This is brought out in the 
case of p-xylene: 


CHi 

+ C.H.CU : CHCOCl 

CHi 

The influence of chlorine in ehlorobenzal acetophenones upon ring 
closure has been studied. Reacting a-chloro-frans-cinnamoyl chloride 
with benzene and aluminum chloride, an 80 per cent yield of 2-chloro-3- 
phenyl-l-hydrindone (m.p. 94-96°) is obtained. /8-Chloro-fron«-cinnn- 
moyl chloride similarly gives 3,3-diphenyl-l-hydrindone, the jS-chlorinc 
being replaced by phenyl during the reaction. A hydrindone was al.<*o 
formed from m-xylene and a-chloro-frans-cinnamoyl chloride. Here 
2-chloro-3-phenyl-5,7-dimethyl-l-hydrindone was the reaction prod- 
uct”*: 
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In the reaction of hningenated aralkyl acid chloridea with benaene in 
the pteaenoe of aluminum chloride the followinK typea of rpactiona have 
been known to occur: 


( 1 ) 


/V.CH»X 


O CHiCtH* 
COCiHi 


+ 2HX 


V/COCl 

"Or-o-o^-” 


I 

o 


CHBrClIBrCOCl GHCtHi 

(3) + C.H. — » + HBr + HCl 

CiiiCOCI CHaCOCtllj 

(4) ( I + r.H. —►II + HH 


Thia again clearly indicatea the greater activity of carbonyl halogen over 
the nuclear halogen. 

Similar aubatitutiona have been ahown to occur in the reaction of 
o-phthalyl tetrachlDride, CCla.CsH4C0Cl, in benaene aolution with alu> 
minum chloride.**^ Here diphenylanthrone (m.p. 192°) ia formed: 


UiCf CiHt 

o 

Here 3.6 parts of aluminum chloride were used for 1 part of the tetra- 
chloride. With other proportions of aluminum chloride, phenyloxantbrol 
and anthraquinone are formed. 

Collet reported that in the action of benaene and aluminum .chlo- 
ride on o(-phenyl-a,/3-dibromopropionyl chloride normal substitution, with 
formation of benaalacetophcnone dibromide, occurred: 


CiHiCHBrCHBrOOCl 


C«Hi 


►> C.H.CHBiCUBrCOCtHi -I- HCl 


In repeating the work, Kohler and co-workers reported that the prod- 

(IM^ ^ Uuyot. Cvmpf. Ttni., tfl, IM-M (IM); /. CAam. Sac. Abt., 0 <1), Wl 

w (inV).‘ 


**> **»-*• »<W)i -r- Chan. Bot. Sbc., « Uk «» ^ . 

, KdMv. 6. L. HvMaca, ind M. 0. kumlv. Am. Chan. J., 44, N-TI (HID) ; C. A., 



ANHYDROVS ALVMIJfVU CHLORIDE 


SSO 

uet was in reality 2-bromo-3-keto-l-phenyl-2,3-dihydroindene. The reac- 
tion was not one of normal acylation, but had taken place aa follows: 


^^CHBrCHBrCOCl 


& CHC«n( 

^PHBr + HCl 
r=o 


Chlorine in the ring of aralkyl acyl chlorides is not attarked by reac- 
tion with benzene and aluminum chloride. p-Chlorophenylaoetyl cbloriilt* 
gives normal substitution.®’* 


CHiCOCI 


C.Ht 


CTIjCOCuTU 


+ HCl 


Use of Miscellaneously Substituted Acyl Chlorides with Benzene 
and Benzene Homologs 

Alkony-substituted Acyl Chlorides 

Chlorides of alkojcy-subatituterl acids condense with benzene in the 
presence of aluminum chloride: 

ROCJI.COCI 4 C.H. » ROCJI.COC.H. + HCl 

During the reaction, the alkoxy- group may be split unrlcr the action ni 
the aluminum chloride with formation of the corresponding hydro.\v- 
ketone. 

Cleavage of the methoxy- group in the reaction of the methyl ether ol 
salicyl chloride with benzene or toluene and aluminum chloride was found 
to occur under ordinary conditions, o-hydroxybenzopheiione being obtained 
with benzene.®’® Another substance tm.p. 127'’), pos.sibly a dihydroxy- 
benzophenonc, is formed at the same time as the monobydroxy- com- 
pound. From the acid chloride prepared from 20 g of the methyl ether of 
salicyclic acid and 100 cc of thiophene-free benzene with 20 g of aluminum 
chloride was obtained 17 g of o-hydroxybenzophenone. I’sing the chloride 
prepared from 8 g of the ethyl ether of salicyclic acid, only 4 g of 
o-hydroxybenzophenone was secured. Five g of salicyclic acid was farmc«i 
during this reaction.®** 

Although there is easy cleavage of the o-alkoxy- group, a cleavage of 
the alkyl groups could not be obtained by reacting p- or m-methoxy- 
benzoyl chlorides with benzene and aluminum chloride. Here exclusively 
p- or m-methoxybenzophenone is formed. Thus, the chloride of am-'ic 

, 3M, "" 


•uPMmko-KcltHhoiltit, Btr., 2S, 2IM.SMZ (1812) 

Ct OniPbe and F. ITlbnann, Ber,, 29, (IBM); IT. StourliiiKin- aihI N Kmi, Aon 

Ulfanoiui and 1 aoUlberir, tier., J5, (1902) 



KETONE SYNTHESES 


261 


Bciil, p-OHaOCtHiCOCl, is condensed with toluene to give a 40 per cent 
yield of p-tolyl p-anisyl ketone, m.p. 89“.“’^ 

In the reactions noted above no solvent was used. It has been reported 
that the use of carbon disulfide in the preparation of p-methoxybenzo- 
phenone from p-methoxybenzoyl chloride and benzene gives poor 
results.*^* 

Phenoxyacetyl chloride, CaHu.O.CHgCOCl has been reacted with 
benzene in the presence of anhydrous aluminum chloride to give phcnoxy- 
aoetophenone, CsHB.0.CH2.C0.CeHs (m.p. 72°) together with cumara- 


nunc. 


O 

/ \ 

CtITi Cll>, 


rubulting from ring closure of the phenoxyacetyl chloride by evolution of 
hydrogen chloride. Phenoxyacetyl chloride Ims alao been condensed with 
toluene to give tolyl phenoxymethyl ketone, C0H5.O.CH2.CO.C6H4.CH8 
(m.p. 73®), and with m-xylene to give m-xylyl phenoxymethjd ketone, 
m.p. 65®. 

Hydroxy-substituted Acyl Chlorides 

The reaction of hydroxy- acid chlorides with benzene and aluminum 
chloride has been studied. A 60-70 per cent yield of 3,5-dichloro-2- 
h3'droxybenzoplienone (m.p. 116®) was prepared by heating in reflux 30 g 
of 3,5-dichloroBalicylyl chloride, 300 g of benzene and 30 g of aluminum 
chloride, and subsequent treatment with dilute hydrochloric acid. 


coci 



+ CJJ9 


C'OCbUb 



Temperatures of 30-40® were used and the reaction was completed within 
three or four hours.*®® 

Similarly an 80 per cent yield of 3,5-dibrorao-2-hydroxybenzophenone, 
(m.p. 129-130®) was prepared from benzene and the corresponding 
dibromo acid chloride.®*^ The corresponding iodo- compound (m.p: 97- 
98®) Was also prepared.**® 

Imray claims the condensation of hydroxy-aromatic acid chlorides 
with aromatic hydrocarbons to form hydroxydiaryl ketones. 3-Hydroxy- 
^-naphthoyl chloride with benzene gives phenyl 3-hydroxy-)S-naphthyl 


jlYQ and J. Brouty. Bull, lOC. c/iim. (4), 47, 021-026 (1030); Brit. Chtm. 

Sb Montagna, Aec. Irav. cWm., 40, 247-240 (1021) ; C. A., 15, 3470. 
uop Atenatadt. Bor., 35. 3560-3605 (1002). 

“4 i Shoren, Ann., 346. 882-300 (1000). 
aESS? S' l^wonbwg. Ann., oJo, 030-800 (1000). 

F. Bohmita, Ann., 04^1w-80l (1006). 


Farbonindnatria) ; BrU. Chem. Abttraeit^B, 
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ketone, m.p. 161-169°- With toluene, there is eimilarly obtained p-tolyl 
d-hydnny-/8-naphthyl ketone. 

EBter-inbstitttted Acyl Chlorides and Bensene or Benzene Homologs 

Chlorides of acetoxy-acids have been reacted with aromatic hydro- 
carbons.*^ a-Aoetoxyisobutyryl chloride reacts with benzene in the pres- 
ence of aluminum chloride to form a mixture of phenyl a-acetoxyisopropyl 
ketone (m.p. 135-137°/14 mm) and tiie cycloacetal, 

o 

(5— Os. yCH, 

When benzene is replaced with p-xylcne, the corresponding products, 
xylyl a-acetoxyisopropyl ketone (b.p. 148°/17 mm) and the expected 
cycloacetal were also formed. It was concluded that the chlorides of 
acetoxy-acids can react in two isomeric forms. One of these forms, cyclic, 
corresponding to the cycloacetals, isomerizes into the second, acyclic, 
under the influence of aluminum chloride. 

The reaction of acetylglycollyl chloride with benzene in the presence 
of aluminum chloride results in the formation of small amounts of phen- 
acyl alcohol and acetophenone. Here the phenyl residue combined with 
the cleavage product of acetylglycollyl chloride.*** 

An interesting reaction is that of benzene with ethyl chloroglyoxylato 
and aluminum chloride for the preparation of ethyl phenylglyoxalatc, 
which upon hydrolysis gives phenylglyoxylic acid®**: 

aoc . COOC.H, + C,H, CJI.CO . COOC.II. CJI.CO . coon 

The amyl ester of bensoylformic acid has been prepared from amyl 
chloroglyoxylatc, benzene and aluminum chloride. Toluene reacts simi- 
larly.®*® 

The action of ethyl chloroglyoxylate on p-cymene with aluminum 
chloride at 10° gives cymylglyoxylic acid (biz 175-180°) according to the 
reaction *•■: 


+ CHiCiH. . CH(CH.). 


AICU 


COCl 
[xX)C.H> 

(CHi) . CH(CUi)iC.UiKX> , COOC,H. 

(CHi) . CH(CH.)i . C.H»CO . COOH 


■•K. E Blaiw and Hanns, Camp* imd.. U*. lUl-lIU (WT); Snt. Chain. Abatracta-A. •*' 

(itni 

OR. AnaabUtr and P. FBrMar. Ann.. M, H-M (IRN); C. A.. 4. IIH. 

OL. Bouvault. Bull. toe. rtum. (»), U, 10M-t«Sl (ISM); fS). IT, SM (IW). 

>" L. Riiaar, Sar., 14, MS-tU (IMI). 

o r. Cboit and 3. Balia, BnK. aoc cAim. f4), H SM-MS (1114). 
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Ethyl adipyl chloride haw l)ocn reacted with bensene in the prea- 
rnre of aluminum chloride to give an 80 per cent theoretical yield of 
ethyl t-benEoylvaleratc (b.p. 164 mm), according to the equation: 


CH. . CH^COCl 
^.Hi . GH. . COOCiHi 


r.H. Csihco . (ch>) 4 Cooc,h. + hci 


The acid chloridca of mono-alkyl caters of aromatic dicarboxylic acids 
react with benzene in the presence of aluminum chloride to give ester- 
substituted aromatic ketones 


COCl COCbHs 

COOK ,rooR 

^ CiHi — ► I' r + HCl 

\/ 

Hydrolysis of the keto-esters gives the corresponding keto-acids. 

For the above reaction, 6 g of o-carbomethoxybenzoyl chloride was 
dissolved in 80 cr of benzene, cooled to 10°, and 10 g of aluminum chlo- 
ride was added gradually with shaking. After standing for one hour at 
room temperature, the mixture was kept at 80° for seven hours and then 
poured into 100 cc of 10 per cent hydrochloric acid. Upon removal of 
excess benzene, the ester was hydrolyzed with alcoholic potassium hydrox- 
ide. Recrystallization of the precipitate from ethyl alcohol gives 4.7 g 
of o-benzoylbenzoic acid. Equally good yields of m- and p-benzoylben- 
zoic acids were similarly prepared from m- and p-carbomethoxybenzoyl 
chlorides. The following series of reactions take place with m-carbo- 
methoxybenzoyl chloride and toluene to yield p-toluyl-w-benzoic acid, 
ni.p. 172°: 



m-CH.OOC . C.H4COCI + C.H5CH. 


AICI 9 


m-CHiOOC . C«H«COGfH4CH. 


KOH 


fn-C()OH . C.H4CO . C1H4CHS 


In each case, the reaction with toluene takes place in the para-position to 
the methyl group. With m-xylene the substitution is in the p- position 
to one of the methyl groups. Here reaction with p- and m-methoxyl- 
benzoyl chlorides gives, upon hydrolysis, 2,4-dimcthylbenzoyl-p-benzoio 
and 2,4-dimethylbenzoyl-m-benzoic acids, respectively. 

wi-Carboethoxybcnznyl chloride has been found to react similarly with 
benzene.*®! 

In order to prepare a diketone of hydroquinone, Pummercr and 
Buchta*®* esterify hydroquinone dicarboxylic acid, CciHs(OH) 2 (COaH) 2 , 
into the diacetate, C6H2100 CCHb)2(C5()mH) 2, convert thi.s into the corre- 
•‘^ponding dicarboxylyl chloride, and react it with benzene. 




.1 - «. c. A., It, 88. 

R -■<> T. Cfiriitluaw, iaO. me. ehtm. (th S, lS»-li 80 five 

“• PumnMHr airi S. Budite, Btr.. tf, 1018- 1«1 (1888): C. A., 38, (8M. 
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Hydrox^bencophenooeB have often been prepared by hydrolysing the 
prodact formed from the interaction of beneene and oarbomethoxyoxy- 
benscdc acida. Treatment in the cold of phenol acids with an alkaline 
solution of nietliyl chloroformate, ClCOOCHa, results in the formation of 
carbomethoxyoxybensoic acids. Thus p-hydroxybensoic acid and methyl 
chloroformate react as follows: 

OH.CACOOH + CICOOCH. ► CH,OOC.O.C.HiCOOH + HCl 

The reaction takes place rapidly with p-hydroxybenzoic acid, 1,3,4-tri- 
hydroxybenzoic acid, and 3,4,5-triliydroxybenzoic acid. It proceeds diffi- 
cultly, however, with o-hydroxy benzoic acid. With 2,5-dihydroxybenzoic 
and /U-resorcylic acids, both of wliich have a hydroxyl group adjacent to 
the carboxyl radical, only one addition occurs. This is often apparent 
with hydroxy-acids in which a hydroxy- group is ortho- to the carboxyl. 
The derivatives are of importance because they may be easily traiis- 
formed, e.g., with phosphorus pcntachloride, into carbomethoxyoxyben- 
zoyl chlorides which are as active in ketone synthesis as benzoyl chloride 
With benzene and aluminum chloriflc, carhomethoxyoxybenzophenone'' 
are formed, which may be easily saponified with cold alkalies to regen- 
erate the original phenol groups.-’*® The synthesis has been applied by 
Fischer to the preparation of several hydroxy-ketones. p-Hydroxy- 
benzophenone has been synthesized in 82 per cent yield by the followini; 
series of reactions: 

Pria 

4-OHC,H,COOTI + ClCOOCHi — ► 4-Cnrf)OC . O . C.H.COOII — -V 

4-cniOoco . C.H 4 COCI 

AlCli 

4-CH.OOC . 0 . C.H4roC.Hi 4-OHC.H.Cf)C.H. 


It was hoped that the synthesis could be used in the acylation of 
aralkylhydroxy-acid.‘(.**® Carbomethoxyoxymandclic acid chloride was 
prepared, but in the Friedel-Crafts reaction with benzene and aluminum 
chloride the expected benzoin was not obtained. The reaction should 
have preceded: 


CJl. . CH(Oir) . COOH ^ ' *> C.H, . CH (0 . COOCH.) . exjoir 

car, . CH(o . coocH,)ooci c.h. . ciuo . coocitiIco . c.Hi 

C.H, . CH(OH) . CO . c.ir. 


BOChj 

NiiOll^ 


Instead, a cleavage of the carbomethoxyoxj^- group occurrcfl during the 
reaction with benzene and aluminum chloride: 


C«Hi . CH(0 . COOCIhlCOCl 21C!]LV C.H, . CHC.II, . COC.H, + HCI -1- CH,ct><di 

"K. ViMhfT, HfT., 41, »78-Sni (1W8). ,, 

WR. Viiialiw. Jtn., 42, 1018-1022 (1)00); Ann., 371. OM-BIS (1110); /. Chem. Soe. Ah$., H 
248 llOlO). 

"A. MrKni,i« hiuI M. S. Ait, 61, 183-183 (1928); 0. A., 22, 1)34 (1023). 
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The corresponding ethoxyoxy* derivative behaved in the same way. The 
chloride of carbomethoxyoxyatrolaciinic acid, C 6 Hs(CH 8 )C(O.COOCH 8 )‘ 
GOCl, gave in the Friedel-Crafte reaction, (CqH 5)2C(CH8)COO'H, an 
utterly unexpected product. Here the carboincthoxyoxy- group was split 
off as carbon dioxide; and as methyl chloride was formed by the action 
of hydrogen chloride, the reaction resulted in the formation of atrolactinic 
acid chloride, CeH 6 (CHa)C(OH)COCl. Then the hydroxy- group was 
replaced by chlorine, also by the action of hydrogen chloride. Finally, 
the chlorine of the asymmetric carbon atom seemed not to be bound as 
fast as the chlorine of the carboxyl group, for the following occurred; 


C.H,(CH,)C(C1) . CO . Cl —V C.II.(CII,)C(C.J10 . CO . Cl + UCl 

In water, however, the acid chloride was changed to the acid, CH3.C- 
lC«Ho)o.COOH. 

It will be noted that in inandelic and in atrolactinic acids the hydroxy- 
group is not attached (lireclly to the benzene ring as it is in the phenol 
iicids. This may explain the abnormal course of the reaction. 

Ketonic Acid Chlorides 

A few instances have been cited of the use of ketonic acid chlo- 
rides in the Friedel-Crafts condensation. Thus Limpricht obtained 
p-toluyl-p-tolupheiionc, CH3.(>nH4.CO.C6H4.CO.CoH4CH3 (m.p. 188 *^) by 
heating the chloride of p-toluyl-p-benzoic acid with aluminum chloride in 
toluene. 

My the action of fluorenone- 4 -carboxyl} 1 chloride on toluene in the 
presence of aluminum chloride, there is formed 4 -p-toluylfluorenone, 

m.p. 128°.237 

Acetoacctyl chloride has been shown to react with benzene and alu- 
minum chloride to give a 27 per cent yield of the nonnal Friedel-Crafts 
icaction product, benzoylacetone.-^** 

If the ketonic group is ortho- to the COCl group, however, ring clo- 
sure may occur. Thus^ Meyer reports that o-bcnzoylbenzoyl chloride 
reacts with benzene to form phthulophenone: 


a COCgHi 

+ C.ll. 

COCl 


AlCU 



C.llg 

C\C*ll 5 

0 

C/ 

II 


+ ilCl 


0 


Nitro-sttbstituted Aroyl Chlorides and Benzene or Benzene Homologs 

The nitro- group in the ?/icfa- or para- position of the halogenat-ed 
component does not exert the inhibiting action w’hich is displayed when it 


312, 01-08 (1000): y. 
■'“'C iV 070-080 (1004): J. 

“*ll M*?**^*^®** Kd«), J. Am, Ch 


Chtm, Soc, Aht., 1900 (I). OOB. 
vivem. SoC. Aha., tt (1). 08 (1000). 


22. Kelw), J, Am. Chem. 8oe., 02, 1548-1040 (1040). 
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is preaeot in the aromatic hydrocarbon which ia to be aubatituted; meto- 
and para- nitroaroyl chlorideB have been generally used to pr^are thr 
oorrespoodingly aubatituted diaroyl ketcmee. The reactions occur 
Bmoothly, giving in each case the normal aubatitution product. For 
example, the product of the reaction of 4-bromo-3-nitrobensoyl chloride 
with bromobraaene is the expected 4,4'-dibromo-3-nitrobenEophenone 



Dinitro- substitution does not affect the course of the reaction, 4-chIoto- 
3,5-dinitrobenzoyl chloride yielding 4-chloro-3,5-dinitrobenzophenone 
with benzene and aluminum chloride^**: 


coci 


rcM'iiii 


i' ^ ^ fii 

NO.J. J-SO, ^ ^ ** • I 



+ IK 'I 


n 


Rcuctiuns of in- or p-'uli-(ituted arid cliloridcs with lienzene or bcnzriu' 
hoinolcgv in which nonnal condensation [)rnducts have been obtained arc 
tabulated in Table 13, page 257. 

An interesting reaction is that of dinitrosalicylyl chloride witli ben- 
zene, phosphorus pcntarhloride and aluminum chloride to give 2,4-dinitrr)- 
xanthone 


C'lCO-f^ I NOj AlCI, + pru 

OH-k, J 

NOj 



NOi 


Condensation of a nitro-substituted dicarboxylic acid with benzene 
may also be effected. Thus from l,3-dimothyl-2-nitrobenzene-4,6-di- 
csrboxylic acid chloride is obtained 2-nitro-4,6-dibenzoyl-m-xylcnc 


CHi 


CIIi 


ClCO-|^''^^^C 


NOi 

Y 

enri 


+ 2CiH. 


AlCI. C»HiC 


0-/yNOi 

N 

T 

rfK’gMs 


+ 2HC1 


«»M. 8(»h0pff, her,, 24 , a 771 - 87 M (INI). 

F. UUmMU, Ann., ifC, 79-118 (1999). 

MF. UUniaim. Am., 3AL 87 (1909). 

de Dittbadi nnd L. Ghnrdoniiai, Mv. Chim, Aftn, 7, 814-918 (1124); J. C/trm Hor 
m Oh IMS (1224). 
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Table 13 


Hirdmiubon 

Beueae 

Bameae 

Beniene 

Chlorobenieiie 

Chlorobenaene 

Bencene 

Bromobenzene 

Bromobenzene 

Benzene 

Benzene 

Benzene 

Benzene 

Bromobenzene 

Chlorobenzene 

Benzene 

Toluene 

Toluene 

m-Xylene 

o-Xylene 

Benzene 


Kf /( rpwr»« 


Acid Chloride 

m-nitrobenzoyl 

6-ohloro-S-nitrobenzQyl 

4-chlorc^3*nitrobenzoyl 

m-nitrobenzoyl 

4-chloro-3-niirobenzoyl 

4-bromo-^nitTobenzoyl 

3- nitrobenzoyl 

4- brom o-3-ni trobenzoyl 
2-chloro-3,5-dinitrobenzoyl 
4-ehloro-3,5-dinitrobenzoyl 
4-methvl-3-nitrobenzoyl 
p-nitrobenzoyl 
p-nitrobenzoyl 

p-ni trobenzoyl 
2-1 0(1 o-4-nitrobenzoy 1 
m-n I trobenzoyl 
p-m trobenzoyl 
m-nitrobc'nzoyl 
m-nitrobenzoyl 
(4-ni trophenyl ) ( 9-uii thron- 

10-yl)iiropionyl 


nef. 

1.2,3 

4 

5 

6 

7 

8 
6 

10,8 

11 

12 

13 

14, 15 
10,6 
16,6 

17 

18 
10 
20 
20 

21 
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Recently, it has been reported that in spite of the inability of 
earlier workers to obtain o-nitrophenyl aryl ketones from o-nitro- 
bcnzoyl chloride by the Friedcl-Crafts reaction, they can be prepared by 
this method if the aluminum chloride is replaced by ferric chloride, and 
the condensation is effected in a suitable diluent. 


Reaction with Miscellaneous N-substituted Acid Chlorides 

Aroylamino-acid chlorides have been shown to undergo normal 
Friedel-Crafts condensation with benzene or with benzene hoiuologs. 
Thus the chloride of benzoyl-deucine reacts with toluene: 


C.H,CO . NH . (CHt),C(K;i + C.H.CH. 


C.H.00 . Nil . (CH,).(XK;.H4 . CH. + HCl 
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The new toluyl derivative could not be purified, but was hydrolysed 
by means of fuming hydrochloric acid and converted into tolyl f-amino- 
amyl ketone hydrochloride.’*** 

Bensene and the chloride of beneoyl-c-leucine gives the expected 
«-bensamidocaprophenone (m.p. 95°) by like procedure.**'' 

Phthalylglycyl chloride and its homologs have been shown to react 
with bensene and anhydrous aluminum chloride, the acid chlorine being 
replaced by a phenyl group with formation of ketones ***: 


o 



)N . CHi . COCl + C.H. 


0 


0 

. CH» . COCsH. + UCl 
U 


Hydrolysis yields aminoalkyl aryl ketones. Siiuilarly, )9-phtha1ylaIanyl 
chloride, 



. CHi . UH, . CX)C1, 


o 


gives /3-phthalimido])ropio[)henonc/‘-'^^ and a-)ihihalimidopropiophenone is 
obtained by using the isomeric phthalylalanyl chloride, 


0^ . (;h(CH,) . cuci. 


Upon acid hydrolysis, s-aminopropiophenone is secured. 

Other phenones of phthalyl-u-amino acid chlorides which have been 
similarly prepared include y-phthalimidobutyrophenone,*** a-phthal- 
imidoisobutyrophenone,**' 8-phthalimidovalerophenone, and c-phthal- 
imidocaprophenonc.*** A good yield of C-phthaliroidooenantophenonr, 
has been reported.*** 



>N.(CH.)t.CO.CJls 


"•K. A. BTittohn-, Ber., M, l1M-ai*7 (1(11). 
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**S. OabMl and J Colnuui, Ber., 41, 113-021 (IMS). 
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Fhthalylphetiylglycyl chloride has been found to react in the same 
way, giving desylphthalimidc (m.p. IST-ISS*^) with benzene and aluiui- 
niim chloride 


o 



)N . CH(C.H») . CX)ni + r«lT- 


o 


AlCla^ 



o 

II 

. CH(C.H.) . CO . C.Hb + HCI 


II 


o 


of-Phaliniido-n-butyryl chloride undergoes normal Friedel-Crafts con- 
flensation witli benzene: 


CH. . CH» . CH(N : O2C.H4) . COCI + C.H. 

CH, , CH. . CHCN : O.CJI 0 . COC.Ha + IICl 

Tlie phUialyl residue may be split off by hydrolysis to give s-amino- 
butyrophenone: 

OH. . OH, . OH (N ; O.C,H 4 ) . CO . C.H. CH j . CH, . CH(NH.) . CO . C.H, 

This affords a good method for the preparation of x-aminoaralkyl 
ketoncar*® The yield of a-phthalimidobutyrophcnune, crystallized from 
90 per cent alcohol, is 67 per cent. 

However, the higher homolog, phthalimidohydrocinnamoyl chloride, 
does not give the expected ketone with benzene and aluminum chloride. 
There ia formed instead ^-phthaliinido-a-hydrindone, m.p. 191°. This is 
obviously caused by the action of the catalyst on the acid chloride alone: 


o 



. CH(CH, . C.H.) . COCI 


AICI. 

—*■ 


o 


a r. 

N I I 
C' CO— C.H. 


+ HCI 


O 

When carbamyl chloride is heated with benzene and aluminum chlo- 
ode in carbon disulfide on a water-bath, benzamide is obtained in almost 
•luantitative yield. According to Gattermann.=“* the reaction proceeds; 


C,H, + Cl . CO . NH, 


C.H, . + 




• t oitoiS?"'’ *>• WM-JS* /wio). 

uattannau uni eu-warim. Aiw., MS, »-Tl (1888). 
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Tlie reaction takes place analogously with N-alkyl carbamyl chlorides: 


cji, + ac»NHraH. — cjwjo nh 0.11. + hci 


It is generally applirablc to aroniatu- eompounds. Gattcmiann prepared 
monoamides in the same way from the indicated hydrocarbons and car- 
bamyl chlorides: 

HydroMiflKm Carbaiiiyl Clilomle 


Toluene 

Toluene 

Toluene 

Cumene 

o-^lene 

m-Aylene 

7>-Xylenp 

Pseudorunipup 

Durenc 


carbamyl chloride 
N-methylcarbamyl chlorulc 
N-rthylcarbamyl chlomlp 
carbamyl chloride 
caibamy] chloride 
carbamyl chloride 
carbamyl chloride 
carbamvl chlondp 
carbamyl ehloiide 


In every case, para- or ortho- substitution was obtained, thus* 


R 

I 

+ nroNHR' — ► 


R 



+ (K'ONHir 


R 



+ CirONHR' 


R 


H 


+ riCONHR' — ^ 


n 



R 

u 

+ IH 1 

rONHR' 

u 

I 

+ iiri 

n 

CONHR' 




rONHR' 


+ HCI 


n 

+ CirONHR' 

H 




A 


4 HCI 
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The reaction of phenyl isocyanate with aromatic hydrocarbons and 
aluminum chloride with formation of aromatic amides had been studied 
in 1885 by Leuckart.^'^'^ Phenyl isocyanate, for example, reacts with ben- 
zene in the presence of aluminum chloride to give benzanilide. Hie con- 
densation did not occur in the absence of aluminum chloride; Leuckart 
assumed that the reaction takes place in two phases. In the first step, 
phenyl isocyanate reacts with hydrochloric acid to form phenylcarbamyl 
chloride, and in the second step the acid chloride undergoes normal 
Fricdel-Crafts condensation with formation of the anilide and evolution 
of hydrogen chloride: 

(1) CJLNCO -I- HCl * ClCONHCJl. 

( 2 ) C.H. + ClCONHCai. > CaLCONUCA + HCl 


This investigator reported that all true liumologs of benzene reacted in a 
similar manner with phenyl isocyanate and aluminum chloride, the group 
('ONHCvHs usually taking the para- position. Gattermann’s applica- 
tion of carbamyl chloride to the reaction was an outgrowth of this study. 

Since carbamyl chloride is produced by reaction of hydrogen chloride 
v\ith a metal cyunatc on cyanuric acid or on cyanic acid, a mention of 
methods in which these constituents have been used for the production 
of amides will be made here. 

Gattermann and Rossolymo found that a mixture of cyanic acid 
and hydrogen chloride in the presence of aluminum chloride acts in the 
same way as does carbamyl chloride on aromatic hydrocarbons. The 
reaction does not proceed as well with benzene as it does with benzene 
houiulogs, only a small amount of benzamide being obtained. Toluene, 
on the other hand, reacts mure easily, giving p-toluamide, m.p. 158°. 
Ethylbenzene yields p-ethylbenzamide, m.p. 115-116°. From m-xylene is 
obtained 2,4-dimetbylbenzamide, m.p. 178-179°. 

The production of aromatic amides from potassium cyanate, hydrogen 
chloride, and an aromatic hydrocarbon has been patented. Thus, benz- 
ainide is obtained when a mixture of benzene, potassium cyanate and 
aluminum chloride is treated at atmospheric temperature with gaseous 
hydrogen chloride until potassium cyanate cannot be detected in the 
mixture.*®* p-Toluamide may be prepared similarly. 

Aromatic hydrocarbons may be condensed with cyanoacetyl chloride 
in the presence of aluminum chloride to give the corresponding cyano- 


075 A. Bwwulyiuo, Aw., Ub llW-Iin (IWO); /. Chem. 5<k» Abu., St (11), «4- 

^"UcrmMi P. SU,M1 (Un) to EL Hopff (to I. O. rorbenindiatria) i C. A., 31, 174. 
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acetyl derivatives. The reaction, for example, with toluene, occurs 
according to the scheme: 

CACH. + NC . CHiGOCl NC . CU.CO . C*H. . CHi + HCl 

The product from toluene melts at 104°. The reaction is claimed to be 
general for aromatic hydrocarbons.*^ 

Aromatic thioanilides are formed by reaction of aryl isothiocyanates 
with aromatic hydrocarbons and aluminum chloride. The reaction takes 
place in two stages. Hydrogen chloride from the aluminum chloride coni- 
bines with the isothiocyanate to fonn a thiocarbamyl chloride. This then 
reacts with the hydrocarbon to give the thioanilide. With homologs of 
benzene, the CS.NHCsHs group goes para- to an alkyl group.**^ 

Condensation of phenyl isothiocyanate with benzene and aluminuiii 
chloride, according to Gattcrmann, proceeds with formation of thiobcnz- 
anilidc which, upon saponification, yields thiobenzoic acid: 

Nil . C.H. 

C.H..NCS SC^ C.H. + A.C... 

\ 

Cl 

NU . CiH. 

8C^ + HCl CiH. . C80H 4 C,H, . Nil* 

^CJI. 

Similar reaction with toluene gives thiotoluylanilide, CellDNH.CS.C'nllr 
CHs, m.p. 140-141°. p-Tolylisothiocyanate reacts as does the phenyl 
analog.®*® 

In order to prepare ketones of the pyridine senes, pyridine carboxylic 
acid chlorides, prepared by treatment of the acids with thionyl chlondc, 
may be reacted with benzene in the presence of aluminum chloride: 

+ CiH, coc.li. + HCl 

In the case of the mono-carboxylic acids, reaction does not occur if the 
thionyl chloride used for the preparation of the acid chloride is quantita- 
tively removed. With dicarboxylic acid chlorides, however, the reaction 
takes place even when the thionyl chloride is carefully removed. 

The mono-ketones were produced by warming the acid chlorides mth 
several parts of the aromatic hydrocarbon, if necessary in the presence 
of carbon disulfide as diluent, and then treating with somewhat more than 
the calculated amount of aluminum chloride in small portions. With the 

»®Bnt P 342,373 (1323) lo I O FurbwiinilqHlrif; Bnt Chrm. Ahatraetn~B, 476 (IBBI) 

1«. GatU>nimnn, prukt. C/iem (t), Sf| 872^634 (1633); /. Cfiem. 8oe. Af’iCracCN-Ti (D 
(1833) 

>uA. Fricdiiiaun and L. Gattermann. Her.. 25, 3886-8628 (1832); i. C/tem. 8oe, Ah$„ 64 (D* 
(108). 
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(licarboxylic acid chlorides, however, it is best to prepare the aluminum- 
chloride complex first by gently warming the components and then add- 
ing the hydrocarbon.®"" In this way the following ketones were prepared; 

«-pyridyl phenyl ketone 
/9-pyridyl phenyl ketone 
)8-pyridyl naphthyl ketone 
sc,/^-dibeneoyl pyridine 
a,a'-dibenzoyl pyridine 

Reaction of Benzene and Benzene Homologs with Acid Chlorides of 
Sulfur Compounds 

Sulfuryl chloride acts on benzene with formation only of monochloro- 
benzene; but if aluminum chloride is added to the mixture, a considerable 
({uantity of benzenesulfonyl chloride and a small amount of diphenyl 
sulfone arc also obtained: 


(1 ) CJi. + BOJCi. » C.H,SOrfri + HCI 

(2) 2C,H. + SO.CI. > + 2HCI 

Toluene is rhlorinated by sulfuryl ehloride both in the benzene nucleus 
and in the side ehain, but in the presence of aluminum ehloride, the chief 
product is p-toluenesulfonyl ehloride, small quantities of p-chlorotolucnc 
and p-ditolyl sulfone being also formed. ?n-Xylenc and p-xylene behave 
in similar manner. Mesitylene is attacked by sulfuryl chloride at the 
ordinary temperature; if the mixture is kept cool, however, in the pres- 
ence of aluminum chloride, chloromesitylcne and mesitylsulfonyl chloride 
are formed.®"" 

According to Boeseken,®"" dissociable eblorides like sulfuryl ehloride 
act in the presence of aluminum chloride like mixtures of the non-disso- 
ciated molecule with activated chlorine atoms, and of their decomposition 
products. The catalyst displaces the equilibrium 


SO,Cl. 5:± SO, + Cl. 


considerably to the right.®"* Reaction products of the reacting aromatic 
hydrocarbon and the decomposition materials of sulfuryl chloride are to 
be expected. Thus benzene, sulfuryl chloride, and aluminum chloride 
gave much benzenesulfinic acid and chlorobenzene, but benzenesulfonyl 
chloride and diphenyl sulfone were also isolated. Toluene and sulfonyl 
chloride gave somewhat more toluene sulfonyl chloride than benzene, but 
much chloro-toluene and toluenesulfinic acid were likewise obtained in 
this case. 

Since the products of the action of aluminum chloride on sulfonyl 
chloride vary with the temperature employed, the final Friedel-Crafts 


»«A H*rtarW«, at, 
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reaction products arc necessarily This is also true in reac- 

tions of pyrosiilfturyl chloride and aluminum chloride with aromatic 
hydrocarbons. For example, toluene at —6° to 0'’, with pyrosulfuryl 
chloride and aluminum chloride, gives toluene-p-sulfonic acid, o~ and 
p-ehlorotolucnc, p-p-ditolyl sulfone, and a substance (m.p. 215-217^) 
containing chlorine, but no sulfur.^^*^ 

Thionyl chloride, though a common chlorinating agent, gives sulfoxides 
by reaction with aromatic compounds and aluminum chloride. Diphenyl 
sulfoxide (m.p. 70-71°) is readily prepared by the action of aluminum 
chloride on a mixture of benzene and thionyl chloride 

2C.Hn 4 SOCI. » C.HbSOC.H. + 2HCI 

p,p'-bi8(Bromophenyl) sulfoxide, (p-BrCflH 4 ) 2 SO, is prepared similarly .■*‘^** 
Since the reaction of sulfur dioxide with aromatic liydrocarbons and 
aluminum chloride with production of sulfinic acids probably involves 
intermediate formation of the compound AlCU SOjCl, reference is made^ 
to it at this time,®’^® Knoevenagel and Kenner have found that aro- 
matic sulfinic acids can be readily prepared in a yield of about 80 pei 
cent by the action of sulfur dioxide and aluminum chloride on aromatic 
hydrocarbons or their halogen derivatives at low temperature. They 
initiated the reaction by passing dry hydrogen chloride through the 
mixture and the resulting catalyst complex of aluminum chloride and 
aromatic sulfinic acid was decomposed by alkali. These workers pre- 
pared the sulfinic acids of the following hydrocarbons: 


benzene 

toluene 

0-, m-, and p-xylene 
mesitylene 
pseudocumene 
p-cyraene 


They also prepared eullinio acide of p-cbloro- and p-bromobenzene. 

According to Smiles and Le RoBsignol,^^’ the action of sulfur dioxirU* 
on a mixture of an aromatic hydrocarbon and aluminum chloride takc^ 
place easily, even at 0°. The sulfur dioxide is rapidly absorbed, tlir 
reaction mixture becomes warm, and in a short time evolution of hydro- 
gen chloride begins. 

Hilbert and Johnson modified Knoevenagel’s method of preparmi; 
benzene sulfinic acid. They passed the sulfur dioxide into a mixture of 
benzene and aluminum chloride. 

Phenyl mercaptans are formed by reducing sulfinic acids obtained by 
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interactioD of benaeae or benaene homologs with sulfur dioxide and 
aluminum chloride.”* 

p^Fluorobenaenesulfinic acid has been prepared by reaction of fluoro- 
bcnaene with sulfur dioxide, hydrogen chloride, and aluminum chloride 
in carbon disulfide 

The reaction of thiophosgcne with benzene and aluminum chloride has 
been reported to give thiobenzophenone”*; but since the ketone decom- 
posed upon distillation, it was not isolated even in vacuo. By treatment 
of tlie product with phenylhydrazine and hydroxylamine, however, it was 
ascertained that thiobenzophenone had been obtained. 

The reaction of benzenesulfonyl chloride or its derivatives with aro- 
matic hydrocarbons, 

RSOiCi + JiH' RSO.R' + nci 

is similar to the analogous reaction of benzoyl chloride 


R(^.OCl + IIR' 


AlCla 


RCOir 4- HCl 


Thus by treating benzenesulfonyl chloride with benzene and anhy- 
firoufe aluminum chloride, Beckurts and Otto obtained diphenyl sulfone, 
CfjHBSOsCoIlB. It has been shown that benzene sulfonyl chloride yields 
in carbon disulfide with 1 mole of aluminum chloride the complex, 
C'nH5S02Cl + AlCla, which upon addition of 1 mole of benzene in carbon 
thsulfide, gives the diphenyl sulfone-aluminum chloride complex.^^* The 
velocity of the reaction of benzenesulfonyl chloride with benzene or with 
chlorobenzene in the presence of anhydrous aluminum chloride at 30° has 
been studied by Olivier.*^* 

Benzenesulfonyl chloride with chlorobenzene in the presence of anhy- 
drous aluminum chloride yields p-chlorophenyl phenylsulfone/-***® In the 
same way, toluene and benzenesulfonyl chloride gave phenyl p-tolyl 
sulfone 

An extended study of the mechanism of Fricdel-Crafts reactions was 
made by Olivier, using p-broinobenzenesulfonyl chloride and benzene. 
He found that the acid chloride combined with aluminum chloride to 
form an active compound, Br.CoH4S02Cl.AlCl3. He suggested that the 
aluminum chloride does not combine with benzene but activates the ben- 
zene, whether combined with the sulfonyl chloride or the sulfone.^®^ 
Reaction in carbon disulfide indicated an autocatalytic action of benzene 
on the formation of the complex; hydrogen chloride had no influence in 
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this effect.^^^ An excess of benzene formed p-bromophenyl phenyl sulfone. 
The main reaetion postulated involved 4-BrCoH4S02Cl.AlCla+C6H«^-— ^ 
4-Br0fiH4S02AlClx -I- CeHsCl + HCI, but chlorobenzene could not be 
isolated and BrCeH4S02 AlCla in an impure form was obtained only from 
very concentrated solutions. Since the sulfone is not converted to sul- 
finic acid by aluminum chloride, it ivas concluded that sulfinic acid 
obtained in carbon disulfide solution came from a small amount of sulfur 
monochloride formed during the reaction. 

Velocity of reaction experiments indicated that an excess of benzene 
accelerated the dissociation reaction, whereas an excess of the sulfonyl 
chloride retarded reaction. Benzene and toluene were found to be accel- 
erating agents; chlorobenzene, bromobenzene, and nitrobenzene were 
retarders. An attempt to find a non-rcartive solvent showed that many 
compounds formed complexes with aluminum chloride. The reaction was 
shown to be monomolecular with respect to BrCKH4S02Cl.AlCl2, the 
velocity varying with the quantity of aluminum chloride cmployocl 
Olivier concluded 

(1) that p-bromobenzcnesulfonyl chloride reacts only when com- 
bined with aluminum chloride; 

(2) the product, BrCeH4S02CoH5, also forms a complex with alumi- 
num chloride; 

(3) the velocity of reaction is pro])ortional to aluminum chloride if 
the latter is not in excess; 

(4) aluminum chloride in excess causes a high increase in reaction 
velocity. 

Replacing the bromine with other substituents in this same reaction 
indicated that the substituents influenced the velocity of reaction. The 
substituents CHs, H, I, Br, Cl, and NOo (in the ineta- position) showed 
reaction velocities diminishing in the above order. The influence seemed 
the same whether the substituent w^as in the nucleus of the acid chloride 
or of the hydrocarbon to be substituted, except that in the latter case a 
greater influence was shown.^^^ As a matter of fact, the presence of a 
nitro group in the hydrocarbon to be substituted inhibits reaction in most 
cases. It was also believed that the catalytic action of the aluminum 
chloride came partly from that combined with the sulfonyl chloride and 
partly from that combined with the sulfone; however, an excess of free 
aluminum chloride indicated that the latter was a stronger catalyst than 
the combined aluminum chloride/^^^ 

Olivier later investigated the apparent inactivation or '‘paralysis” 
of the aluminum chloride when combined cither with p-bromosulfonyl 
chloride or diphenyl sulfone. Other sulfone complexes showed an almost 
identical degree of paralysis of the aluminum eldoride. The varying reac- 
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tion velocities previously noted were attributed to the varying substitu- 
rnts in the benzene nucleus rather than to the degree of inactivation of 
aluminum chloride. These complexes show only 1/200 of the activity of 
free aluminum chloride. In mixed sulfone solutions the aluminum chlo- 
ride combined in a larger proportion with that sulfone which showed the 
greatest reaction velocity with benzene. Hence, the more readily an 
addition compound is formed the more active it is with respect to benzene. 

Olivier also studied the formation of sulfones in a solvent other 
than the aromatic hydrocarbon itself, for example, in benzenesulfonyl 
chloride. The reaction was conducted by dissolving aluminum chloride 
in excess benzenesulfonyl chloride and adding the hydrocarbon. It was 
observed that one mole of aluminum chloride could transform only one 
mole of benzenesulfonyl chloride, which was in agreement with the 
results obtained in benzene solution. To explain the results obtained on 
velocity measurements, the author suggested that the complex, CoHbS 02 - 
CI.AlClfl, existed in dilute solution, but that in a more concentrated solu- 
tion or upon the addition of benzene or chlorobenzene, association to 
(CBEBSOaCLAlCla)* occurred. The suggestion was confirmed by molecu- 
lar wciglit determinations in benzene; but since chlorobenzene was shown 
to have no association effect, this hypothesis was untenable. Olivier con- 
sidered that ternary addition compounds of the sulfones were probably 
not formed. The Fricdel and Crafts synthesis of sulfones has also been 
studied by Prins.^®^ 

Groves and Turner report the reaction of p-ehlorobenzenesulfonyl 
chloride with bromobenzenc and aluminum chloride to give p-chloro- 
phenyl p-bromophenyl sulfone, m.p. 157®. 

According to Boeseken,-**® p-chlorobenzenesulfonyl chloride begins to 
be decomposed at 190®, giving sulfur dioxide and dichlorobenzene at first, 
followed by evolution of hydrogen chloride and tarring. 

p-Iodobenzenesulfonyl chloride has been condensed with benzene in 
the presence of anhydrous aluminum chloride to give the expected prod- 
uct, p-iodophenyl phenyl sulfone, in.p. 141°.*®® 

o-Toluenesulfonyl. chloride has been treated*®^ w'ith benzene and alii- 
ininiiin chloride to give a 95 per cent yield of o-tolyl phenyl sulfone; 


CHi 


iiCl + CsHs 


Ain, 


^ + HCl 


CHi 


In the same way from p-nitrosulfonyl chloride and toluene there was 
obtained an 85 per cent yield of p-nitrophenyl o-tolyl sulfone, m.p. 159°. 
The dichloridc of o-sulfobenzoic acid reacts with aromatic hydro- 
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M l S E- E. Tunusr, y. Chem. 8oc . 500-511 (1029) 

aop » 32, 1-14; C. A., 11, 1702 (1013) 

■IP JTu^**^* KImBor, /. proAC. CAem.. IS, 180-108 (1012); C. A.. 0, 2400. 

Ullmuin and A. Uhnor. B«t., 31, 720-742 (1205). 
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carbons to give mono- or di-substihitinn products, depending on the 
amoiint of hydrocarbon employed.^*^ 


a) 


COCi 
,RO«CI 


-t- Cdf. 


rociH» 


+ HCl 


(H) 


roci 

ROiCl 


nU'eH. 




AlC'H ^^SOjCiII* 

+ 2 (’,H. [ I f 2 Hri 


The tautomeric chloride has been reported to react as a lactone 

a 


I I 

>0 + 20.11. 


C(C.H.)i 


y—aot 


^ 2H0I 


but according to Cobb,^'* the lactone Htructuro of the resulting product 
has not been definitely established. 

The reaction of bensenesulfonyl fluoride or its derivatives with beii- 
cene and aluminum chloride yields diphenyl sulfones in good yields.’’”' 

Alkoxy-substituted benzenesulfonyl rhloridcs undergo normal reaction 
with benzene and aluminum chloride. Thus Heppenstall and Smiles’’”” 
report that 2-methoxy-5-mcthylbenzcnesulfonyl chloride and benzene 
yield 6-methoxy-m-tolyl phenyl sulfone, m.p. 140°: 


SOaCl 


notC.H> 



Chlorine in the ring likewise docs not affect the course of the reaction. 
5-chloro-2-methoxybenzene8ulfonyl chloride with benzene giving the 
expected 6-chloro-2-methoxy phenyl phenyl sulfone, m.p. 144°. 

The use of methylsulfonyl chloride and ethylsulfonyl chloride in tlu- 
Friedel-Crafts reaction has been investigated.®*^ At high temperatures 
in the presence of aluminum chloride methylsulfonyl chloride is decom- 
posed quantitatively into sulfur dioxide and methyl chloride. Etliyl- 
sulfonyl chloride under like conditions gives not only sulfur dioxide and 
ethyl chloride, but also hydrogen chloride and tar. The sulfonyl chloride 

■•I. SmMa Mid A. P. Raunili'ni, Am. Chrm. I., 17, U7-IM (ISM); 1. Cham. Soe. AS*. <■ 

474 (IW). 

■•A. Lwt ud M. Btam. Bit., 31, 1648.1473 (1188). 

••Cobb, Am. Cham. 38, 488-808 (1808). 

•"W. SMnkgpf, /. frokt. Chrm., 117, 1-81 (1887); C. A.. U, 3808. 

E. HeppMmUll anil S. fimilm, /. TAem. 5oc., 8W-B06 OM). . 

•'J. and H. W. Van OokHiburg, Bee, fmv, rhim., 11, 317-313 fWU); C. A„ 9, 13*3 
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obviously deoompoBes to give hydrogen chloride, sulfur dioxide, and 
ethylene. 

At low temperatures, aluminum chloride forms addition compounds 
with the alkylsulfonyl chlorides. These addition compounds react with 
benzene to give sulfones: 

CHiSOiClAlCL. + CJI. > CHJS0.C.H8A1CU + HCl 

It was assumed that in the reaction of alkylsulfonyl chlorides with 
benzene, aluminum chloride had three functions: 

1 . A dislocating function ; it dislocates the active chlorine of the acid 
chloride, and the active hydrogen of the benzene so that conden- 
sation occurs. 

2. An associating function. This is observed at low temperatures. 
Thus formation of llir arid chloride-aluminum chloride additive 
compound is effected. 

A dissociating function, apparent at Inghor temperatures. This 
effects decomposition of the acid chloride. 

Reaction with Acetanilide. — The preparation of aromatic amines con- 
tjuuing a sulfonamide group in the aromatic ring has been claimed by 
interaction of an acyl- or arylsulfunyl derivative of an aromatic amine 
and a dialkylaminosulfonyl halide at 20-100® in the presence of alu- 
minum chloride.^®*' Tlius, acetanilide with dimethylsulfamyl chloride 
and aluminum chloride gives, after steam distillation, p-aminobenzene- 
sulfonyldimethylamide: 


C’UiCO' N 



(CUl.),N . S(),(1 


AKMi 4 liydroKhih^ 


^ . N(CHb)i 


Acid Chlorides of Arsenic, Selenium, and Phosphorus 

Although the Fricdcl-Crafts reaction has found little application in 
■^yntliesis of mctallo-organic compounds, the condensation of arsino- or 
Mcleno-benzoyl chlorides with aromatic compounds and aluminum chlo- 
ride with production of ketones has been reported. Phosphoryl chloride 
has been condensed wdth aromatic hydroxy- compounds and aluminum 
chloride to give esters. 

Arsenated benzoyl chloride enters into the Friedel-Crafts reaction, 
condensing easily with aromatic hydrocarbons and phenyl ethers in the 
presence of aluminum chloride to give arsino-aryl ketones.^®® Dichloro- 
P-arsinobenzoyl chloride with benzene and aluminum chloride in carbon 
iBulnde solution yields benzophenone-p-arsenioua oxide, probably 
according to the scheme: 

wiin* u' tlWfi) to ChiDfiiii Uyr»KVMXBr eg Vegyesreti Tenuekek Qymn K. T. (Kerenty 

I AhHirun»-B, m (IIW). 

w. L, LftwiB and H. C. Cheotlinm. J, Am. Chfm. Soc.. 43. *2117-2131 (KWl). 
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COCl / COCiBf 

CiH* + AlClj^ ( ^ I HK). 

AiCli AiCIa 


Wlien the reaction is too vigorous, the arsenic is freed ; 


COCaHi 


+ HCl 


AbCIj 


COCiHo 


+ AaCl. 

\/ 


However, the amount of benzophenone formed does not exceed 10 ]>(t 
cent, usually being about 0.5-1 per cent, whereas the yield of the arsenated 
benzophenone is %-60 per cent. Toluene reacts similarly. 

Condensation of dichloro-p-arsinobenzoyl ehloride with phenyl ethers 
under like conditions proceeds very smoothly. Since the substituted 
arsenious oxides were found difficult to isolate, they were oxidized to the 
corresponding arsonic acids and recovered as such. Anisole, phenetole, 
and diphenyl ether thus gave 4-methoxy-, 4-ethoxy-, and 4-phenoxy- 
benEophenone-4'-ar8onic acids, respectively in 60-70, 55, and 50 per cent 
yields. 

The Friedel-Crafts reaction was similarly extended to like conden- 
sations witli dichloro-o-arsinobenzoyl chloride.^”” 

Selenium acid halides may be used as acylating agents in Friedel- 
Crafts ketone synthesis. o-Chloro-selenobenzoyl chloride with benzene 
and aluminum chloride produces scleuoxantlionc, 


o 

II 

c 



and toluene gives metliylselenoxanthonc in a similar manner.”*’^ 

Phosphoryl chloride condenses with aromatic or heterocyclic coin- 
pounds in the presence of aluminum chloride to yield the corresponding 
phosphates.*®* Use of loss than three moles of the aromatic component 
to one mole of phosphoryl chloride results in the fonnation of mono- or 


h. licwis anil H. C. Glipethaiii. /. Am. CAnm. 45p S10-61A (1918). 
m it anrl D. 0er.. S7p 1077-l(Ua (1924). „ . u n 

•«0«Tnian P. 867.964 to E. Tflchunknr mid K. Kni<*peo: C. Z„ 1923 (II). 916-916; Briluih 1 
466.014 (1900) to Celluloid Corp.. C. A., 31, 1427. 
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(ii'halogcnated phosphates.’’**’' A halogenated phenol or a mixture of 
phenols may bo iiHcd;"'*^ however, the above reactions without akuni- 
num cliloridc. 


Polynuclear Hydrocarbons and Aliphatic Acid Chlorides 

In 1886, Pampel and Schmidt ***** reacted naphthalene dissolved in 
petroleum ether with acetyl chloride in the presence of aluminum chlo- 
ride and obtained naphthyl methyl ketone, boiling at 296-299°. They 
used approximately equal amounts by weight of the reactants and cata- 
lyst. A few montlis later, Claus and Feist*"*** used carbon disulfide as 
the solvent and obtained what they considered to be only the a-naphthyl 
methyl ketone, b.p. 296-297°. However, in 1897, Rousset*®'' reported 
that by the addition of an equivalent of the acid chloride in small quan- 
tities to a boiling solution of naphthalene in carbon disulfide with alu- 
minum chloride, a mixture of the a- and /S-substituted naphthalenes were 
obtained. He secured fair yields of ketones from naphthalene and acid 
chlorides up to butyryl chloride. 

That the yields of the ketones obtained were small may be seen by 
the fact that in 1911 Stobbe and Lenzner **** described an improved 
method for the preparation of a- and /0-naphthyI methyl ketone, based 
on that of Racder, *•**'* in wliieh the total yield of both ketones was 30 per 
cent based on the aretyl chloride. Here, instead of using equivalent 
amounts of the reactants, there were used 1 mol of acetyl chloride, 2 mols 
of aluminum chloride, and 2 mols of naphthalene at 15°. The yields 
obtained here were said to be even better than those which could be 
obtained by the method used by Perrier,*'® who had reported that good 
yields of aralkyl ketones could be obtained by first preparing a complex 
of the acyl chloride and aluminum chloride in carbon disulfide and then 
treating this complex with the hydrocarbon. 

Caille*" used low temperatures (0°) and carbon disulfide as the sol- 
vent and reported yields of from 60-80 per cent of «-naphthyl derivatives. 

However, much later, Samuelssnn *'** stated that, regardless of the 
temperature of preparation (0-50°), in no case was the product the pure 
a-compound. He obtained naphthyl methyl ketones in 75 per cant yield, 
but only 50-70 per cent of the substance consisted of the a-isomeridc. 
When the reaction took place with aluminum chloride in nitrobensene, 
imwever, the pure /8-form was obtained. Pictet and Manevitch *'* report 
that by addition of aluminum chloride to a solution of naphthalene and 


(ItU) to E. C. BnttaB and 8. L. Ban (to Dow ChnniGal Co.); Britnh V 
*^# 5 } It ^ 5®^ ChBBiieBl Co. 

nmli? ti» S. L. Bww (to Dow Ch«nninnl Co), r. ^ . 29. 91 ; U. S. P. 2.088.919 

C. Britton (to Dow ChonieiJ Co). C, A . JQ, 2998. 

-ad a. Schmidt, Ber., 19, 2880-2890 (1888). 

^ Ad. Glaus uid P, Peut, Bsr.. 19. 8180-8182 (1880). 

®*-72 (1890); J. Chem. 5oc. ilb*., 72 (I), 75 (1897). 

1 ^ tt. Stobbe and A. LeniiMr. inn., 310, 98-99 (1911). 


amS gfdls, Cewpt. rsnd., 153, 891-894 
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*'■ Sown*. Earn. Tid.ltr. 
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-m (llll); /. Chtm. Soc. Sb*., IM (T), TU (Itll). 
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acetyl chloride in carbon disulfidF, a mixture of a- and /J-naphthyl methyl 
ketonea is obtained. 

The influence of different eolvents on the formation of isomerB of 
naphthyl methyl ketone waa atudied by Chopin."'* With petroleum 
ether, the or- and /S-iaomera were fonned in nearly equal quantities. The 
/9-iaomer was found to be chiefly formed in nitrobenzene, and the a-iaomer 
chiefly in bromobenzene. The a-iaomer was found to be formed exclu- 
sively in chlorobenzene and carbon disulfide. 

St. Pfau and Ofner also studied the influence of the solvent on the 
formation of methyl naphthyl ketone and found that the position taken 
by the substituent is determined by the solvent used. He, too, found that 
in petroleum ether equal proportions of a- and /3-compounds were pro- 
duced. In chlorobenzene, 42 per cent of the a- and 58 per cent of the 
/S-isomer were formed; whereas in carbon disulfide 65 and 89 per cent, 
respectively, were obtained. Nitrobenzene as the solvent gave 11 per 
cent of the a- and 89 per cent of the /9-ketone. 

Rivkin®'® reviewed the reaction, and pointed out that Chopin neg- 
lected the factor of mechanical agitation, which is necessary for the pro- 
duction of uniformly high yields. In nitrobenzene, the /S-isomer is formed 
predominantly; whereas in benzene a mixture of the a- and j9-isomerB in 
equivalent proportion is secured. The formation of colored by-products 
when nitrobenzene was used was avoided by working below 10°. The 
formation of resinous materials was also reduced by adding alumiiiuin 
chloride into the mixture of the reactants in the solvent, instead of adding 
the acetyl chloride to a mixture of aluminum chloride with the naphtha- 
lene and the solvent. The optimum temperature was found to be 10°. 

The following conditions and proportion of reactants were used in 
experiments using (1) benzene and (2) nitrobenzene as the solvents. 



(1) 

(» 

Naphthalene 

130 E 

130 K 

Acetyl chloride 

80 E 

83 K 

•Solvent 

1000 E 

500 g 

Aluminum chloridr 

ISO E 

150 g 

Reaction time 

0 hrs 

9 hi 

Yield 

09.5 K 

154 g 


Since the use of benzene as solvent results in the formation of both 
a- and /ff-isomers, in experiment (1) the product was an equal mixture 
of the a- and /9-naphthyl methyl ketone. In experiment (2) the product 
was /9-naphthyl methyl ketone, the 154 g noted above being the weight 
of the /9-isomer obtained after filtration from traces of the a-isomer. 

Levy reported the use of temperatures of —5“ to 0" in the prepa- 
ration of /9-naphthyl methyl ketone. He, too, added aluminum chloride 
to a mixture of naphthalene and acetyl chloride in nitrobenzene. 


■UM. Chopin, BvU. me. Mm., 3S, SIO-IU (1924); C. A., 11. 19M. 

■U A. St. P(m and A. Ofnor, Htlv. Chin. Acta, A MMTl (19M); C. 21, 4M. 

•as. M. Rivkin. /. Otn. Chtm. (VSa.R.), 9, 277-110 (1IU)| C. A., 21. IIM. 

471 (IM). 

"•a. Unry, Aim. them. XI. f, 1-87 (IU8); Bnt. Cham. Abatraeli-A, II, N-90 (llM). 



KETONE BYNTHEBBS 


273 


Ijow temperatures (0°) were used in the preparation of heptadecyl 
a-naphthyl ketone (m.p. 64.6-56”) by adding aluminum chloride to a 
mixture of stearyl chloride and naphthalene in carbon disulfide.’^^ A 
similar reaction of stearoyl chloride with tetralin leads to the produc- 
tion of heptadecyl tetrahydronaphthyl ketone, m.p. 46.5-50°. 

According to an I. G. patent,^’ ’ chloroacetyl chloride reacts with naph- 
thalene to yield a diketone. A sufficient quantity of the acid chloride 
must be used to allow double substitution. 

The reaction of /8-chloropropionyl chloride or of /8-chloro-n-butyryl 
cliloride on naphthalene, a-chloro, s-bromo-, and 1 ,6-dimethyInaphtha- 
lene has been studied by Mayer and Miiller.’’^*' 

Aluminum chloride decomposes oxalyl chloride into carbon monoxide 
and phosgene more rapidly than it catalyzes the Fricdel-Crafts reaction 
of oxalyl chloride with naphthalene. Keaction, therefore, results in the 
])roduction of a mixture of a-naphthoic acid (m.p. 160°) and )9-naphthoic 
acid (m.p. 182°). The carboxyl group is introduced by the phosgene.®^* 
With malonyl chloride, naphthalene condenses in the presence of alu- 
mimiin chloride to give pcri-naphthindnndionc 


CHi 


o=c c=o 



The condensation of naphthalene with malonyl bromide in the pres- 
ence of aluminum chloride may be used for the preparation of pyrene."’*® 
The first product, peri-naphthindandionc, is reduced with concentrated 
hydriodic acid under pressure; the resulting superhydrogenated material 
is led over metallic copper, whereby peri-naphthindan is formed. This 
is then condensed with more malonyl bromide to yield 1,2,3,4,5,6-hexa- 
liydro-l,3-diketopyrene, which may be reduced by distilling with zinc 
dust to pyrene. The'acheme is; 


CO 


Br Rr 

I I 

CO CO 

\ / 

CHi 




CO CO 
CHa 


CHi CHi 
CHi 


L. A. Mikaika. C. P. Smith, and E. Lieber, J. Org. Chem., 2, 489-505 (1888). 
awman P. 578,158 (1888) to T. O. Fatbenindi»trle; C. A., 27, 8722; Chem, Zentr., 1133, U, 
Mayy a nd P. MUUar, Bar., 10. 8878.8888 (1827). 

^ CjLIebannra and M. Biuffa, Bar.. 84. 203-210 (1811). 

H018) to BodiMSha AniUit und Soda Fabrik, Chom. Zentr., 1915. /. 805. 
«. FleiMhOr and B. Retia. Bir.. 58. 8280 (1028). 
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CHs 



CFIa 

Dimethylmalonyl chloride and naphthalene react to Rive three isomeric 
products : 1 ,8-n aphth odimethy lindandionc, 


CO\ 

>c(riT3)* 

CO 

m.p. 101°; l,2-naphthodiiueth5dindandione, m.p. 120-121°; and 2,3-napli- 
thodimethylindandione, m.p. 137-137.5°.’*^^ Diethylmalonyl chloriilc 
reacts similarly with na]>hthalene, three analogous isomeric product ^ 
being fonned.**““ 

In the condensation of a penta-substituted naphthalene like 2-ethyl- 
5,6,7^,tetrahydronaphthalcne with diethylmahmyl chloride there is, nf 
course, only one isomer possible, since only the 3- and 4-positions nrc 
available: 




nor 

+ V , Calls 
cuir^ 


■rfj 

H Ci 


-r.Hi 


—TO 

1 

ro-c(rjH»)i 


+ 21101 


The 2^,4-triethyltptrahy(lr(i-iz-y9-indan('-l,3-(linnc thus tunned melts iit 
39“.“® 

j3-Methylnaphthalcne has been rearted with acetyl chloride by Dsic- 
wonski and Brand.®®’' To 100 g of yS-methylnaphthalene and 100 g ol 
acetyl chloride in 600 cc of carbon disulfide was added 50 g of aluminum 
chloride; the mixture was heated to boiling, and 80 g of aluminum chlo- 
ride were added in portions. After heating for about two hours, it wu'< 
left for twelve hours. Upon addition of dilute HCl and removal of tlic 
carbon disulfide, the residue was fractionated in vacuo. One fraction, 
bi 4 176-180®, contained 2-methyl-6-acetylnaphthalene (m.p. 70-71“) and 
2-metbyl-8-acetylnaphtha]ene. Fraction B, bi 4 215-220“, contaiix'il 
2-methyl-6,8-diacetylnaphthalcne (m.p. 127-128“). 


■>*M. Freuiul and X Flpmcher, Afin., 399, 182-S41 (1BI8); C. A., 7, 8787. 

•"M. Fnund and K. Flniirbar. Ann . 173, 891-888 (1910); /, Chem, Soc. ABb,, M (I). 490 (l9Wi 

Ann,, 402, 81-70 (1918); /. Chem. 8oc, Abt„ 106 (1), 48 (1914). 

«>]C Flflwsher and £. Rati^ Btr., 98, 238-984 (1988); /. Chem. Bor. AbB , 124 (I), 281 (1223) 
■"K. Dnawntiaki and M. Brand, Roeimki Chmn., 12, 898-701; Bull mtem. oeod. v*flon 
ClaBte act. math, not., 1933 A, 90-107 (m Qrnnan); C. A,, 27, 4iM. 
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According to Kon and Weller the condensation of /9-tnethylnaph- 
thalcne with acetyl chloride in nitrobenzene solution constitutes a good 
method of preparation of 6-acetyl-2-methylnaphthalene because only a 
very small amount of the 2^8-i8omer is formed. 

cr-Methylnaphthalene in nitrobenzene with acetyl chloride and alu- 
minum chloride at— 3°to — and then at room temperature for 24 
hours gives 4-acetyl-l-methylnaphthalenc, m.p. 41°,®*® Similar treat- 
ment of 2,6-methylnaphthalenc with acetyl chloride gave 2,6-dimethyl- 1- 
ucetylnaphthalene (m.p. 71°) in 80 per cent yield. The prc^uct obtained 
by using propionyl chloride was the expected 2,6-dimethyl-l-propionyl- 
naphthalene (m.p. 49°) in 60 per cent yield.®*® 

The acetylation of or- and /9-brominated naphthalenes has been 
reported by Schweitzer,®®^ who obtained acctyl-a-bromonaphthalene (b.p. 
345-347°) by the action of acetyl chloride on cx-bromonaphthalene in the 
presence of aluminum chloride in carbon disulfide in the cold. Conden- 
sation with /8-bromonaphthalcnc was also reported to take place in the 
cold; better results were obtained, however, by heating the mixture. The 
product, an acetyl-)3-naphthalene, melted at 102°. 

The acetylation was performed more recently by Dziewonski and 
Sicrnbach.®®* The product obtained from (z-bromonaphthalene was found 
to be l-bromo-4-acetylnaphthalcne (b.p. 193-196°/18 mm), and that 
from )9-broinonaphthalenc was identified as 2-bromo-l-acetylnaphtha- 
Icne, m.p. 64-65°. Schweitzer®®^ was unable to secure an acetylation 
product from 1,4-dibromonaphthalene. 

The chloride of 4-mcthylhydrindene-4-carboxylic acid and «-chloro- 
naphthalene in tetrachloroethanc with aluminum chloride gives a conden- 
sation product, probably 2-cliloro-7-methyl-5,6-cyclopenteno-l,9-benz- 
anthr-lO-one, m.p. 215°. a-Chloronaphthalene is partly isumerized to 
the )9-isoiner by aluminum chloride in tetrachlorocthane at room tem- 
perature.*®® 

According to Barbot,®®^ the Friedel-Crafts reaction of tetralin results 
exclusively in substitution in the /CJ-position. Acetyl chloride with tetra- 
lin and aluminum chloride in carbon disulfide solution gave a 90 per cent 
yield of methyl )8-tctrahydronaphthyl ketone.®®* Barbot similarly reacted 
propionyl-, butyryl-, and isobutyryl chlorides with tetralin. More 
recently, Fernholz and his co-workers ®®® reacted higher acid chlorides 
with tetralin. The acid chloride from 15 g of the corresponding acid was 
decanted into 100 cc of carbon disulfide containing 8 g of tetralin. Then 
^ of aluminum chloride was gradually added, and the mixture was 


Kon and W. T. Wdlar, /. Chem, Soc.. 793-m (1939). . ^ 

M. Maruiinika, Bull. aead. polonaw, 1938 A, 310-823; Brit, Cketn. 
01), 81 (1939). 

101 B A K. Stoc, and P. Zasala, Bull, intern, acad. polon. »ci. Cliu$e to. math, not., 

”21 *» “*-»» (m Qnnun); C. A., 3}, 1713. 

Ber.. 24, 5M-M2 (1801); /. (Vifw. Sw. Aba., 80 (I), 684 (1801). 

(1931) Bull, at ml. poltmuiae. A, 69-08 (1981); Bnt. Chrtn. Ahatraria-At 

A* o' tlwrMK, J. .\m. r/if-fii. Bnr , SO, 8255-2862 (1038). 

■KB?/ f'***"- (4K 47, 1814-1333 (1930); C. A., 25, 943; C. Z„ 1931, I, 939. 
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allowed to stand over night. The following ketones were obtained from 
Tetralin or from 2-methyl-6j6,7;8-Tetralin and the appropriate acid 
ehltmde: 


-4,6r7|8-tetimliydrooBphthylJcetoae 

2-n-pentadecyl 

2*n-hezadeQyl 

iiiethyl-3-n-heptadecy] 


% yield 
66 

63 (on hydrocarbon) 


In reacting 2-methyl-5,6,7,8-tetralin with acetyl chloride, substitution 
takes place in the S-position, the product being 3-acetyl-2-methyl-5, 6,7,8- 
tetrahydronaphthalene.”*^ 

Oxalyl chloride with tetrahydronaphthaicne in the presence of alu- 
minum chloride gives a 70 per cent yield of /7-tetrahydronaphthalcno 
carboxylic acid, by carboxylation of the hydrocarbon through the phos- 
gene evolved by the action of aluminum chloride on oxalyl chloride. Tlic 
production here of only the /S-isomor is remarkable in that reaction of 
oxalyl chloride with naphthalene yields both a- and /8-naphthoic acids.^""* 

The reaction of tetrahydronaphthaicne with substituted malonyl chlo- 
rides has been studied by Fleischer and Seifert and by von Braun and 
co-workers.*** 

1- Bmisylnaphthalcne and acetyl chloride in the presence of almninum 
chloride in carbon disulfide at the ordinary temperature was reported by 
Dsiewonski and Moszew’*** to give 4-acetyl-l-benzylnaphthalcne, m.p. 
76°. According to an I. (i. patent'"' d-acctyl-l-benzylnaphthalene thus 
obtained melts at 78°. 

2- Benzylnaphthalenc was similarly reacted with acetyl chloride by 
Dsiewonski and Wodelski.*** They obtained 6-acetyl-2-bensylnaphtba- 
lene, m.p. 96°. 


Kaphthalene and Aroyl Chlorides 

The condensation of naphthalene with benzoyl chloride in the presence 
of aluminum chloride was reported by Boux *** and Rospendowski to 
result in the production of 1-benzoylnaphthalene (m.p. 75.5-76°) and 
2-benzoylnaphthalene, m.p. 82°. Elbe *** obtained the same ketones 
Montague *** reported that the interaction of benzoyl chloride and naph- 
thalene in carbon disulfide with aluminum chloride yields 78.5 per cent of 
l-benzoylnaphthalenc and 14 per cent of the 2-iBomor. The ketones were 
separated by crystallizing from alcohol, the 1-derivative being deposited 
first. 


•np. Karrar, E. EpprHht, and Hana KImig, BMv. Cftim. Aela. 33, ITI-M C. A., 34. M>'' 

422, 172-117 (WO). „ ,,,. 
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■»K. Flnfchsr and F. SeifBrt. Bar., 83 , 1255 -lMl (INO); ilnn.. 432 
Dufwouki and J. Moasaw. BvU. rntem. acad. polimatm fct., 

p. **,.**. (ino) to J. Y. Johnaon (to I. Q. Farbaninduatrui) ; Brit, Chem, Abatrartf-'B, 
1W7 (IttO); Chem. Zentr., 193Q, II, 31N. ^ , a 

Diirnromiki anri R. WiMtslnki, AocfniArt Chem., 12, SHU 377 (1588); Brtt, V/uim, Abatrart^-At 

m (1118). 

•»h, Boua, Ana, chtm, (9), 12, 341 (1857). 

^ RoBP^ov^i, Compt, rend., 1^ (IMB). 

MB K. /. vrakt. Chem. (B)^ 35, 608 (1857). 

Mip. J. Montagna. Bee. tme. chtm.. 36, 173-884 (1507); /. Chem. 8ve. Abe., 858 <1557). 
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Caille”*^^ prepai'ed the l*benznylnaphthalcne without the fonnation 
i)f the 2-isomer. Freshly sublimed aluminum chloride was thrown little 
by little into a carbon disulfide solution of naphthalene and benzoyl 
chloride, cooled to O*’. It dissolved and the reaction was accompanied by 
the precipitation of a crystalline addition product. When the reaction 
was completed; the reaction product was filtered as rapidly as possible 
and decomposed with iced HCl. The ketone was obtained in 60-80 per 
cent yield and in such a pure state that a single crystallization was 
sufficient. 

Fieser®^® outlines a method for the preparation of 1-benzoylnaphtha- 
li*ne which is based on that of Perrier.®^® Here an addition compound of 
benzoyl chloride and aluminum chloride is first obtained by heating 
together a mixture of equivalent quantities of these substances. Fieser 
recommends the use of carbon disulfide as solvent. When the solution 
of the addition compound is somewhat cool, an equivalent quantity of 
naphthalene is gradually added to it. In order to complete the reaction 
the mixture is warmed for a few minutes on a steam-bath. Upon cooling 
in an ice-bath the ketone-aluminum chloride complex solidifies, and it is 
separated from the reaction mixture by suction filtration. The complex 
is decomposed with HCI- water and the ketone is extracted with ether. 
Upon drying and crystallization from ethanol or methanol pure 1-benzoyl- 
naphthalene is obtained. 

It is interesting to note that in both the Caille and Perrier prepara- 
tion of the 1-isonicr, carbon dinulfidp is used as solvent. Fieser points 
t)ut the fact that regardless of procedure used, a small percentage of the 
2-isomer is always formed, but it does not appear in the final product 
because it is soluble in the carbon disulfide used. The solvent also retains 
any organic tars which may be formed. 

Nenitzescu and co-workers obtained 1-benzoylnaphthalene by heat- 
ing benzoyl chloride and naphthalene under reflux without the use of a 
catalyst. According to these investigators, the use of a catalyst makes 
possible the occurrence of the reaction only at low temperatures; at 
higher temperatures this and other Friedel-Crafts reactions take place 
without the use of a catalyst. 

The production of a diketone is claimed in a patent to I. G. Farben- 
industrie.®®^ At 0® naphthalene is first reacted with benzoyl chloride in 
the presence of aluminum chloride until no more hydrogen chloride is 
evolved; then a further amount of benzoyl chloride is added, the tem- 
perature is raised to 30-40°, and more aluminum chloride is added to the 
»*eaction mixture. At the end the mixture is heated to 90-100°, Ij5-Di- 
hcnzoylnaphthalene (m.p. 186.5®) is thus obtained in a 70 per cent theo- 
retical yield. 

The use of at least twice the equimolecular amount of the benzoyl 


Ss!?*' » Itt-IM (1911); C. A.. 5, 9418. 

8411 ri' Bxperiinwil> in Omamii CliwniHtrj," p. 192, HMth. 19M. 

' (I9M); /. Chem. Soc. Abi.» 71 fl), 981. 

A. iMcmni and C. N. Ion«ou, il«»i..-491, 210-290 (1981): C. A., 28, 1957. 
f'Wieh P. Ml, NT (HT): BritUi P. IW.lOe (IW) to I. O.i C. SS.. lUf, I. »». 
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chloride with naphthalene in the preoenoe of aluminum rhioridc at a tem- 
I^Btore of not over 100° aleo reaulta in the formation of the diacyl deriva- 
tive. The preparation of 1,5-dibenzoylnBphthalpno is thus claimpd."^ 
Diacyl derivatives of naphthalene may also he prepared by reacting 
a monoacyl derivative with an acid chloride. 4-Chloro-l, 5-dibenzoyl- 
naphthalene (m.p. 167-168°) is formed by the reaction of l-lwnzoylnaph- 
thalene with 4-chlornbenzoyl chloride in carbon disulfide by heating, ai 
50-65°, with aluminum chloride.^'*^ 

Some reactions of naphthalene with substituted aroyl ehlorides an- 
listed in Table 14. 

Table 14 


Aoid Chlonde Fraclurt ]lf*r 

4-Chlorobeiuoyl 4.4'>d]ch1oro-1,5-dibenzny]nai>hlbalpDc I 

3-Chlorobenioyl 3,3'-dichloro-l,5-dibrDZoy]napbUiaJpiie 1 

3,4-DichlorobeiMoyl 3 4«3'|4'-tetrachloro-1.5KlibpQZoy]naphfhulrnp 1 

2- Methylbpnioy] l-naphthyi o-tolyl kotoiip 2 

3- Methylbeiiioyl 1-naphthvi m-tolyl ketaae 2 

4- Ch](iro-2'metliylbeiuoyl 4.4'-diphlDro-3,3'-Uiinpthyl-l^iben*o>l 

naphthalrne 3 

Biphenyl-^-caiboxylif* l-naphthy] p-xonyl ketonr 2 

2-Anthraquiiioiiyl carboxylic 2^anthraquiDonyl 1-naphthyl kotonr 2 

2-anthraqiiinonvl 2-naphlhyl kptonr^ 

Phenylacetyl l-naphihyl benzyl kotone 4,5 

2-naphthyl benzyl ketone 

Diphenylacetyl diphenylnirthyl naphthyl kpiono B 

Terephthalyl p^i-l-naphthoylbenzene 7 

laophthalyl m-di-l-naphthoylbcnzenp 7 


HefMrenee* 

1. Qermaa P. 576.2S8 (1818) to I. G.; C. A , IT, 3722 

2. R. Scholl and C. Seer, Am., 394, 111-177 (1912), C. A , 7, 790 

8 Gvmm F 585,187 (1031) to 1 G , C Z . 1931. U 1B83 

4. F. Riiuli and M Reinrrt, Heir Chim Acta, 9, 07-70 (1B26), C A », 1401 (IBU) 

5. J. WTO^ and C L. Hewett. J Chtm Soc . 805-877 (1934), r A . 3413 

0. A. MeEraiie and W B Definin'. J Chun Soc, 125, 2100 (1924) 

7. C. Seer end 0 Disohendorfer, Mmatth , 34, 1493-1502 (1913) J Chem Sue Abe , 104 (I), 136^ 
(1813). 

1,2,3,4-Tetrahydronaphthalene reacts with benzoyl chloride to givt 
tetrahydronapbthyl phenyl ketone, bp. 222-233°/12 mm. Care must ho 
taken to use an excess of solvent. Thus to a solution of 20 g each of the 
hydrocarbon and benzoyl chloride in 50 g of carbon disulfide is added 
1000 g of carbon disulfide, and this is then slowly treated with aluminuiti 
chloride. The ketone copld not be crystallized.®®^ With 2-mcthyl-l- 
naphthoyl chloride and tetralin there is obtained a 70 per cent yield of 
2-methyl-5',6',7',8'-tetrahydro-l,2'-dinaphthyl ketone.*®® The product 
was crystallized from light petroleum and was found to melt at 122 5- 
123.6°. 

Equal weights of 2-methylnaphthalene and benzoyl chloride with alu- 
minum chloride and carbon disulfide give 2 -methyl-l-benzoylnaphtliiv- 

■•amnii P. 576.»S (im) to I. O. Faibminduxtrir (to R. Snllmyr ud W. Rcknrt); C. A , K’ 
sm iiM); c. z.. lut, II. ei(. 

Omiwti P. 01,111 (ini) to I O F.ilMmliidu.tn.; P Z , 1*31, U, MO, 

■•W. Sdhwwm Btr., 3^ 011 -IMS (1M3) 

•■J. W. Omk, /. C'Acm. Boc,, IK-HII (lOI). 
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lene'^ Likewise from 1-naphthoyl chloride and 1-methylnaphtiialeoc 
in carbon disulfide under the action of aluminum chloride is obtained 
4 -niethyl-l,l'-dinaphthyI kctone.“®^ 

Clar**'’ reports that the action of 1-naphthoyl chloride on 2-methyl 
naphthalene in the presence of aluminum chloride and carbon disulfide 
affords 2-methyl-l,l'-<liuapfifhyl ketone (m.p. 140-141°) in about 90 per 
cent yield, and that 2-naphthoyl chloride and 2-methylnaphthalene gave 
2-methyl-l,2'-dina])hthyi ketone, m.p. 170-171°. The preparation was 
repeated by Fieser and Diets, ■''®® who found that 2-methyl-l,l'-dinaphthyl 
ketone melted at 171°, and 2-methyl-l,2'-dinaphthyl ketone at 142-143°. 

2-Benzoylbcnzoyl chloride and 1- or 2-methylnaphthalene give 
phthalides with aluminum chloride in carbon disulfide. Phcnyl-2-methyl- 
naphthylphthalide and phenyl -4-mcthyl- 1-naph thy Iphthalide, respec- 
tively, are obtained.*®® 

Due to the directive influence of two methyl groups, 2,6-dimethyl- 
naphthalene easily condenses with an excess of benzoyl chloride to give 
a dikctonc. Thus Clar and co-workers added, under cooling, 2M g 
of aluminum chloride to a solution of 52 g of 2,6-dimcthylnaphthalenc 
and 170 g of benzoyl chloride in 700 g of carbon disulfide to obtain 
1,5-dibenzoyl-2,6-dimethylnaphthalenc, m.p. 262.5-264°. No homoge- 
neous product could be obtained when 2,7-dimethylnaphthalene was 
substituted for the 2,6-i8omer. How'cver, the condensation at 2,7-di- 
mcthylnaphthalcno with 1-naphthoyl chloride has been found to give 
2,7-dimethyl-l,T-dinaphthyl ketone in 70 per cent yield. The gen- 
eral procedure used here w'as to treat slowly, under cooling, a suspen- 
sum of 1 part of the hydrocarbon and 1 part of the acid chloride in 
3 jiurts of carbon disulfide with 1 part of aluminum chloride. The rcac- 
lion mixture was agitated during addition of the catalyst, and occasion- 
ally stirred while subsequently kept in icc for three to six hours.*®* Using 
till.') same procedure, the following compounds were also prepared: 

2,6-dimethyl-l,r-dinaphthyl ketone, 50 per cent yield from 2,6-di- 
methylnaphthalene and 1-naphthoyl chloride. 

4-benzoyl-l,6-dimethylnaphthalcne, 21 g from 15.6 g of 1,6-di- 
me^ylnaphthalenc and 14 g of benzoyl chloride. 

2,4'-dimethyl-l jl'-dinaphthyl ketone, poor yield from 2-methylnaph- 
thalcne and 4-methyl-l-naphthoyl chloride. 

2,7,4'-trimethyl-l,l'-dinaphthyl ketone, 45 per cent yield from 2,7-di- 
methylnaphthalcne and 4-methyl-l-naphthoyl chloride. 

Scholl and co-workers *®* obtained 2,6-dimcthyl-l-bonzoylnaphthalcne 
111 32 per cent yield from dimethylnaphthalene, benzoyl chloride, and alu- 
iiiitiuin chloride. 


™-lB 8 g^nSl“‘* ( 1 ®**): I*- "'<* E. M. DirU, Bar., tj, 

kti V A. M. Rohiiiion. /. C/irm Soc., M5-613 (108S). 

>•<1 C2, MO-3ft0 (in9): Bnt, Chtm. AbitroeCa-A, 485 (1029). 

«>• w n M. Dieti. Ber., 52, 1B27-1833 (1020). 

" V S?’’ (1080)! Brtt. Chrm, AbstracU-A, 834 (1030) 

I ■£ WaJlBBiteui, and H, AveniirJin, Ber„ 52, 050-055; C, A., 23, 8015 (1080). 

•"“il (1081). 

R. Scholl, Bet,, 51, 8034-3085 (1085). 
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When 1-methylnaphthalene was reacted in the cold with phenyUeetyl 
chloride in the presence of aluminum chloride in carbon disulfidoi Cook 
and Galley*^ obtained l-phenyIacetyl-4-metbylnaphthalene, m.p. d9- 
ei". 

Terephtbalyl and isophthalyl chlorides give normal Friedel-Crafts 
disubstitution products with 1- or 2-methylnaphthBlene when 2 moles of 
hydrocarbon are used, but one mole of 2-methylnaphthBlene gives p-2- 
methyl-l-naphthoylbenzoic acid when reacted with terephtlialyl chlo- 
ride.**® 

An I. G. Farbenindustrie patent claims the reaction of 1-bencyl- 
naphthalene with benaoyl chloride to yield 4-benzoyl-l-benzylnaphtlia- 
lene, m.p. 110°. Benzene was used as the solvent, and temperatures ol 
5*30° were used. Treatment of l-(4'-ehlorobcnzyl)naphthalene with ben- 
zoyl chloride likewise gives the corresponding 4-benzoyl compound, m.p. 
118°. 

The reaction of aromatic acid halides with di- and polyhalogenated 
naphtlialenes has been claimed.®"^ Thus, a mixture of 20 parts of 1,4- 
dichloronaphthalene, 16 parts of benzoyl chloride, 35 parts of aluminum 
chloride and 130 parts of carbon disulfide was boiled with stirring for 
seven hours. After usual treatment of the reaction mixture there wa^ 
obtained l,4-dichloro-8-benzuylnaphthalcne, m.p. 104-105°. The same 
product is also formed if benzoyl chloride is used as diluting agent. In 
this case the reaction mixture is heated for eight hours at 160°. In the 
same way the preparation of the following is claimed: 

l,5-dicliioro-8-beQZoy]iiaphlka]eiie, m.p. 112'’ 

1.4- diGhloro-8-(p-clilorobeiizoy])niipbthalene, m.p. 118” 

lj4-diohloro-8-(o-clilorobeii20yl) naphthalene, m.p. 122-123” 

1.4- dichloro-6-(a-naphthoyl) naphthalene, m.p. 163-164” 

1 .4- dichloro-8- (^-naphthoyl) naphthalene 

1.4- <lichlorcH8-(7>-tolyl)n(i]ih(ha]ene, m.p. about 135” 

1.4- dichloro-6-(o-tolyl)nHphthaleDe, m.p 91-^” 

Biph 6 ii 7 l and Aiyl Methanes 

Phosgene and biphenyl react in the presence of aluiniuuio chloride 
with replacement of both chlorines to give 4,4'-diphenylbenzophenone 
(m.p. 229°) according to the scheme 

COCli -H 2C8Hg.C8H. > (CJI..C8H4)g.CO + 2HC1 

Acetyl chloride and biphenyl readily undergo Friedel-Crafts rcachnii 
to yield 4-acetyl biphenyl.®®* 

Diacetylation may be secured. Recently, Silver and Lowy made a 

J. W. Cook and R. A. E. Qalley. J. Chem, Soc., 3013-3018 (1^1); Bnt. Chem, AbMtrtutt> A. 
1157 (1881). 

CUr, F. Jnhn, and R. Avanariiu, Far., 72, 2180-3147 (1880), , n 

MBritiah P. 888,086 (1030) to J. Y, Joltnaon (to I. G. Farbaninduftria) ; Brii. Chm* AbstractB-li* 
1017 (IBM) ; CAam. Zentr., 1930, n. 1100. ^ ^ 7 

Qmtuk P. 403,582 (1087) to I. Q.; C. A., 24, 8348; Franoh P. ON, 018 (IBM) to I. O : C* / 
1930, is 1321: Britub F. N1.811 (1028) to 1. G.; Bnt, Clutm. Abiiraetf-B, 8|0 (18M). 

Adam, Ann. e/ifm. Fkvf. fO), 1V3M ri8B8). , 

“P. Adam, Cmnoe. rand, IN, Ml^ (1687); J, Chm, Sm. Aba., 82, 8M (1887); Ann. 

Lowy. /. Am. Chmi. Bo,.. H, C. A., », 767. 
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stuily of Friedol-Cvafts type reactions on biphenyl, and rej)ortod tliat the 
product of the reaction of biphenyl witJi acetyl chloride was p,p'-diacetyl- 
hiphenyl fni.p. 19K) whieh they sceiircd in a 43 per rent yield. The 
tlinretylation here was due to the faet that larRe excesst's of the acetyl 
chloride and of aluinijiiun chloride were used; the weight of acetyl chlo- 
ride was 2 \ times that of the biphenyl and a six-fold quantity of aluiui- 
nuin chloride w^as employed. 

Chloroacetyl chloride was reacted wdtli biphenyl by Collet.®'^^ 
4-Chloroacetylbiphenyl (m.p. 122-123") was produced by dissolving 10 g 
of biphenyl in carbon disulfide and reacting this with 10 g of anhydrous 
ttluminum chloride and 8 g of ehloroaeetyl chloride. The reaction pro- 
ceeded as follows: 


VsH^Ctiu + nriLCoci c«Hariii4C0CH,ci + nci 


An excess of chloroacetyl chloride was reacted with biphenyl in the 
jiresencp of an excess of anhydrous aluminum chloride by Silver and 
Fjowy."^^ They obtained a diketone, p.p'-bis-fchloroacetyDbiphenyl 
(iTi.p, 228-229^) in 35 per cent yield. In this reaction, as well as that of 
l)iphpnyl with acetyl chloride, the aluiuinuin chloride was suspended in a 
solution of one of the ri*agents in a huitable voluiiic of carbon disulfide, 
and the otlier reagent was added slowly to this from a dropping funnel. 
The mixture was refluxed on a water-bath until completion of the reac- 
tion. In the same way, they reacted methyl p-xenyl ketone and acetyl 
rliloride in theoretical ])roportions, and obtained p-p'-diacety Ibiphenyl : 


'■"■-fO-O 

o 


-f rHaPOCl 


CHs N r-cH* + iici 

II 

o o 


An analogous reaction occurred with chloromethyl p-xenyl ketone and 
chloroacetyl chloride. 

Willgerodt and Scholtz reacted equal molecular quantities of 
biphenyl and propionyl chloride in the presence of aluminum chloride and 
carbon disulfide and obtained m-propionylbiphenyl, C8H5CeH4COC2HB, 
ni p. 89°, b.p. 344°. It is noteworthy that in the case of the other acyla- 
tions reported, substitution occurred in the p-position. 

Following the procedure used by these workers, Macfalis and Blan- 
chard®^* secured what they showed to be the expected p-compound; they 
obtained a practically theoretical yield of not m-, but p-propionylbiphenyl 
h’oin biphenyl and propionyl chloride. p-Propionylbiphcnyl melts at 97° ; 
11] >on oxidation it is converted to p-phcnylbenzoic acid. 

Biphenyl or substituted biphenyls have been reacted with stearoyl 


J-JQ ■«r. r/iim fJ), 17, S06-SS0 (tM7); J Clum. Soi. Abn., 75, 

r ‘tr a. Lwv, ; Am. Chfm, Soe., U, (1W4) ; C. A., W. ^ 

‘•10 (1). wi*”*^* And T. Schdii. /. vrakt. Chtm. (%h Mi (IMO); 1. Chem. Sor. 

MBfthlw ind K. C. BlMushird. A Am. Chmu. Boc., S7, 175-177 (1085). 
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chloride and other hi|^er fatty acid chlorides to give xenyl alkyl 
ketoncb.®'^® The following have been secured: 

xenyl hoptadocyl ketone, m.]). 10H-1OO° 
xenyl tnderyl ketone, m.p. 102-103'* 
xenyl undecyl ketone, m.p. 07*98” 

7 >-inetliylxenvl hepiadecyl ketone, m.p. 105-106" 
chloroxeny] heptadecyl ketone, m.p. 96-97" 

Other ketones whieh have been prepared by reaction with higher fatly 
acid halides include the following p-xenyl ketones 


ni-p. 

lauric 101-102" 

mynBtir 102-103" 

palmitic 103-104" 

stearic 100-107" 

Heptadecyl xenyl ketone, prepared from stearoyl chloride and biphenyl at 
0°, and carefully purified, has been sliown to melt at lOG-lO?".-'*^’' 

Oxalyl chloride with biphenyl in the presence of aluminum chloride 
and carbon disulfide gives a 75 per cent theoretical yield of p-biphen\ I 
carboxylic acid, carboxylation occurring because of the instability of 
oxalyl chloride in the presence of aluminum chloride.®^** 

Whereas biphenyl and oxalyl chloride easily yield the monocarboxylic 
acid, similar reaction with p,p'-bitolyl (p,p'-diincthylbiphcnyl) gives 
mainly the dicarboxylie acid, together with a small amount of the mono- 
carboxylic acid and a large amount of p,p'-dimethylphenanthreneqiii- 
none; whereas biphenyl gives no quinone. The reaction with o,o -bilolyl 
and with m,m'-bitolyl gave the corresponding dicarboxylie acids, togctliei 
with some monocarboxylic acid, but no (luinones were formed. The 
behavior of 4,4'42,2'-bixylyl was similarly investigated. Here two methyl 
groups are para, and two are ortho, but no quinone was obtained. The 
formation of the quinone from p,p'-bito]yl may be due to the faet that 
the directing influence of the methyl groups present causes formation of 
p,p'-dimethyl-biphenyl-o,o'-dirarboxylir arid, 



COOH COOH 


With the other substituted biphenyls, steric hindrance prevented the 
introduction of the carboxyl groups in the 2,2'^poBition. 

The formation of the quinone may be caused by the faet that, due to 
the activating influence of the two methyl groups, some reaction occurred 
with oxalyl chloride before its decomposition into phosgene and carbon 

U. B. P. i,mMi (ino) to A W. Roliton and C. W. ChrMtenm (to Annour and Cniiip»'>' ^ 
C. A., 30, OIM. 

"«G. M. Pord. Iowa Btait CoU J. Srr., 12, 121-123 (1087) • T. 

I,. A, Mikcalca. C. F. Smith and K I^nber. J. Or0. Chim 
•n C, LMbeenumn and M. Zauffa, Ber., 44, 832-838 (1011). 
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monoxide by the catalyst present. Condensation with oxalyl chloride 
first occurred, followed by ring closure 




Ha + CICO . COCI ^ 


CO . COCI CO— CO 



Bi])hcnyl with fumaryl chloride and aluminum chloride in benzene 
holution gives bis (p-phenylbcnzoyl) ethylene, m.p. 247.5-248®. The 
reaction occurred by keeping the mixture at room temperature for one 
Jay 380 i8gi^ Wolf reacted biphenyl with benzoyl chloride in the 
presence of aluminum chloride and obtained a resinous body containing a 
dibcnzoylbiphcnyl, CiaH«(CuH 5 CO) 2 , and possibly two monobcnzoyl 
biphenyls, Ci 2 Hi,(C 6 HbC 0 ) . 

The preparation of 4-benzoylbiphenyl from biphenyl, benzoyl chlo- 
ride, and aluminum chloride in carbon disulfide has been reported by 
various workers.**^ 

Equimoleeular amounts of halogen-substituted benzoyl chloride and 
bi])henyl give the correspondingly halogcuatcd phenylbenzophenones. 
Thus Gomberg and Bailar prepared 4-broino-4'-phenylbenzophcnonc, 
3-bromo-4'-phenylbenzophpnone, and 2-bromo-4'-phenylbenzophenone 
according to the reaction : 


✓I3r(o, m-, or p-) 

C.H< + C.IIflC all. 

h:oci 


< Br(o-, m-, or p-) 
coCan4C8na (v) 


+ HCl 


Here the acid chloride from 20 g of the roiTeBi)onding bromobenzoic acid 
was dissolved in 150 oc of carbon disulfide, 20 g of biphenyl was added, 
and then 16 g of aluminum chloride, in small portions. The mixture was 
warmed on a steam-bath for three days and subjected to usual treatment. 
The yields were o- bromo-, 65 per cent; 7 / 1 -, 75 per cent; p-, 55 per cent. 

With p-toluyl chloride, in the presence of aluminum chloride in carbon 
disulfide, p-tolyl xcnyl ketone (m.p. 133-134°) is formed.®®^ Phenylacetyl 
chloride and biphenyl react to give benzyl xcnyl ketone, C«Hb‘CH 2 - 
^T)C„H4CflH5, m.p. 149°.®"® 

Cinnamoyl chloride, in spite of its double bond, reacts as do other 
inonocarboxylyl chlorides with biphenyl. Bachiiiann and Wiselogle*"® 


1453-1465 (1311). 

"““Ni 3186-2150 llW3). 

B.’jurkwm, J. Chfm. Snr,. 802-805 flW5): II. Staudingw and N. Ron. 
W (iMO) IT. IWM. J. F. Nurrw. R. Thomas, and B. M. Bnmn, Ber., 53, 

J- Bh*!**’. Ji., j. Afh, CfiPW. Soc , 51, 2233 (1920). 

'»'• “*J! Bwipmuin. Atm,. 453, 22-34 (1928); C. A.. 22, 1500. 

ww' Comtif. md., IH, 4» (1837). 

W. E. Badnuuin Md F. Y. WurliwIa.Tylm. Cfctm. Boc.. SC, lUB-lSM (1834). 
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obtained 4'>phenyIchalcone (m.p. 156°) apparently according to the 
following equation: 

CJ1.CH; CHOOCl + CACJl. CACH; CHCOC.H.C.H, + HCl 

With naphthoyl chloride, biphenyl yields p-xcnyl 1-naphthyl ketone, 
m.p. 142°. Here, too, aluminum chloride in carbon disulfide is used.^"*^ 
Scholl and Seer secured a 48 per cent yield in this reaction. 

The condensation of biphenyl with 2-methyl-l-naphthoyl chloride 
with carbon disulfide and aluminum chloride by boiling for three hourb 
leads to the formation of l-(4'-phenylbenzoyl)2-methylnaphthalenp, 
together with some corresponding diketone.^'*" 

Biphenyl and an aromatic dicarboxylic acid chloride maj' react, willi 
substitution of both chlorine atoms. Thus Schlenk and Brauns report 
the preparation of l,4-bi8(4-phenylbenzoyl) benzene from terephthalir 
chloride and biphenyl. Pawlewski reacted phthalic acid dicblonde 
with biphenyl and obtained dixenylphthalide. Here the acid chloride 
reacted as a lactone. 

p-Xenylsulfonyl chloride, biphenyl, and aluminum chloride in carbon 
tetrachloride yield di-p-xcnyl sulfone.^*- 

l,l'-Binaphthyl undergoes normal condensation with benzoyl chlornle 
and aluminum chloride m carbon disulfide, giving 4,4'-dibenzoyl-l,r-bi- 
naphthyl.*** 

Duval worked on the reaction of diphonyhnethane in carbon disul- 
fide solution with acetyl chloride in the presence of anhydrous alutiuuuiu 
chloride and reported the production of a mixture of aei'topheiione, 
4-aoetyldiphenylmethane, CHjCOCtolU CIIaC'ttHs (m.p. 39 ‘'J and 4,4'-di- 
acetyldiphenyl methane, m.p. 93°. The acetophenone couhl have been 
formed only by the displaci’mcnt of the benzyl group through the acetyl 
group under the influence of the almniuum chloride. Later he checked 
the constitution of the compounds fonned and determined the forma- 
tion of still another compound, heiizyl-4,4'-diacetyIdiphenylmcthane, 
m.p. 125°. 

Diphenylmethanc is earboxylated by reaction with oxalyl chloride and 
aluminum chloride in carbon disulfide solution."*** The products, the total 
yield of which is 80-90 per cent of theoretical, are diphenylmcthane-4- 
monooarboxylic acid and diphenylnictliane-4,4'-dicarboxylic acid. Tm- 
pbenylmethane reacts similarly, mono-, di-, and tricarboxylic acids beiim 
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fonoed. Triphenylmethanc monocarboxylic acid was formed in such 
^mall amounts, however, that it could not be isolated. A like reaction 
occurs with bibensyl, the products being bibenzyl-4-monocarboxyIic acid 
(in.p. 173-174”) and bibenzyl-4, 4'-riirarboxylic acid, m.p, over 320°. 

Reaction of triplicnylmcthane with benzoyl chloride and aluminum 
chloride in carbon disulfide results in mono-acylation, the product being 
4-benzoyltriphenylmethane.®®'^ 


Anthracene 

The condensation of anthracene with aliphatic acid chlorides is 
claimed by various patents to I. G. Farbenindustrie. A mixture of 1- and 
2-anthracyl methyl ketone is claimed as the product when to a mixture 
(‘(insisting of 1000 parts by weight of benzene, 178 of anthracene, and 234 
of acetyl chloride was added, under stirring and cooling, to 0-10°, 400 
parts of aluminum chloride. The mixture was then stirred without cool- 
ing for four to five hours.®**** After distillation, the 1- and 2-i8omer may 
lie separated by fractional cr>-Rtallization. The l-isomer melts at 103- 
105°, and the 2-isnmer at 183-185°. 

Using nitrobenzene as the solvent, and temperatures of 10-16°, a mix- 
ture of 1- and 2-propionylanthracene was similarly prepared from pro- 
pionyl chloride and anthracene. The 1-compound melts at 150° and the 
2-compound at 162-163°.®**** The preparation of two diacetylanthraccnes, 
one melting at 212-215° and the other at 173°, is claimed in the same 
patent. 

Under milder conditions than tho&e described above in the preparation 
of the 1- and 2-anthracyl alkyl ketones, the condensation of acetyl- and 
propionylehloride with anthracene results in the formation of O-anthracyl 
methyl ketone (m.p. about 80°) and 9-anthracyl ethyl ketone (m.p. about 
78°) respectively.^®® 

The reaction of anthracene with oxalyl chloride and aluminum chlo- 
I'lde has been much studied,'*®^ During the reaction oxalyl chloride is 
decomposed into phosgene and carbon monoxide, so that earboxylation 
(d the anthracene takejs place; how’cver, reaction with oxalyl chloride also 
occurs, with introduction of the UO.COCl radical; simultaneous ring clo- 
Hire results in formation of a quinone: 


o o 
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That formation of thr quinonp prcdominatoa ia evident from the fact that 
from 10 g of anthracene there ia obtained 9 g of areanthraquinone and 
3 g of anthroic acid. 

Oxalyl cliloride reacta aimilarly with bianthryl, the cliicf product being 
a diquinone, together with a ainall amount of acid.*"^ 

The formation of an acid and a quinone also occura upon treatment 
of /9-methylBnthracene with oxalyl rhloride and aluminum chloride. Here 
the chief product ia a mcthylaceanthraquinone, and the aeeondary product 
ia a /9-methylanthraeenc carboxylic acid.^**^ With 1,2-benzanthracene 
the produeta are alao an acid and a quinone.*”^ 1,2-BenzaDthracenc 
carboxylic arid and 1,2-benzaceanthrcne quinone are formed. The quinone 
probably haa the atructure: 



ro — CO 


The rcartion of a- or /9-rhlornnnthracenc alan yields acids and quinones. 
chloroanthraccne carboxylic acids and chloroaccanthrencquinonca being 
formed.^** Dichloroanthraecncs react Rimilarly. 

Phoagene haa been reported to react with anthracene at 180-200° to 
yield aome anthracenc-O-carboxylie acid chloride.*"* At 240-250° 10- 
chloroanthracene-9-carboxylic acid rhloride is formed.*'" 

The condensation of inalonyl chloride with anthracene is reported hy 
Kardos *"“ the reaction proceeding: 



CO ro 


CHi 


The anthracene-1, 9-indandione which wa.s obtained darkens at 250” im'l 
melts, under derorojioaitiun, at 280”. This preparation, as well as that of 
malonylmethylanthracene (from 2-methylanthracene and malonyl clilo- 
ride) ia claimed in a patent which was aubaequently issued to him.* 
Dimethylmalonyl chloride and anthracene**® yield anthracencdi- 
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meibylindandione (m.p. 148.5-149'^) having one of the two following 
structuree: 



With diethylmalonyl chloride, one diethylanthraceneindandione (m.p. 
104-105®) was obtained.*'^ 

The reaction of anthracene with benzoyl chloride in the presence of 
aluminum chloride and carbon disulfide are studied by Lippmann and 
Fleissner.^^^ They reported that about 50 per cent of the anthracene 
was converted into anthraplienone which melted at 135-140°, obviously 
an impure product. Perrier*^® pointed out that previously in this 
reaction he had secured an anthraphonone which melted at 143® as well 
iis two other compounds, m.p. 75® and 203°. Accordingly, Lippmann 
and Keppich modified their method of procedure and repeated the 
reaction, using this time aluminum chloride containing about 10 per cent 
of the hydrated salt. They determined the melting point of pure ineso- 
anthraphenone to be 148®, securing 28 per cent of theoretical yield.*^® 
A large portion of the anthracene was converted into the impure ketone 
which could not easily be purified. 

In preparing meso-anthraphenone, Krollpfeiffcr preferred to use 
nitrobenzene as the solvent. Tw'enty g of anthracene was dissolved in 
200 g of the solvent; to this, under cooling, 30 g of aluminum chloride 
was added. After cooling to about —10°, 8 g of benzoyl chloride was 
added. About 29 g of the anthra(|uinone was obtained. 

Cook claiqis that better yields of the pure meso-anthraphenone are 
obtained by using benzoic anhydride instead of benzoyl chloride in the 
Fricdcl-Crafts condensation. 

Nenitzescu and co- Workers obtained almost quantitative yields of 
9-benzoylanthrBccne (meso-anthraphenone) by heating benzoyl chloride 
with anthracene in nitrobenzene without the use of a catalyst. 

In an attempt to prepare 2-benzoylanthracene, in order to character- 
ize the products obtained by Perrier, Nenitzescu and co-workers*®** 
icactcd dihydroanthraceno with benzoyl chloride, hoping to get 2-benzoyl- 
tctrahydroanthracene which they could subsequently dehydrogenate to 
2-hcnzoylanthracenc. The acylation proceded in a very unexpected man- 
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ner, however, the aeyl group replacing the labile hydrogen in the 
group: 

COCtlli 


CH> CH 



cui nil 


The 9-ben*oyl-9,]0-dihydroanthraccne (m.p. 104"! wan obtained lu 
goo<l yield. Acylation with acetyl chloride analogously gave 9-aeet>l- 
9,10-dihydroanthracene, a thick oil, b.p. 150-151 °/3 nun. The cuui-he of 
the reaction is very unusual in that ordinarily tlio CHy group in dihydio- 
anthracene shows no especial reactivity. 

The condensation of antliraquinonc carboxylyl chlorides with anthra- 
cene has been studied by de Diesbach, Lempcn, and Benz.^-^ 

Higher Polynuclear Hydrocarbons 

Within recent years, acylation of polynuclear hydrocarbons lui- 
become of great interest in connection with investigation of carrinogcnn 
hydrocarbons. 

Willgerodt and Albert reacted phenanthrenc in carbon di'-ulfidi 
with acetyl chloride in the prencnce of aluminum chloride They obtanicil 
9-acetylphenanthrcnc, in p 123'’. Using an excess of acetyl chloride tlui 
obtained the diketonc, 9,10-diacetyiphcnanthrcnc, m.p. 178'. Latei , m Iu ii 
M osettig and de Kamp tried to prepare 9-ucetylphenanthrcnc in the 
same way they were not able to obtain the ketone. With much difficult), 
however, they did isolate very small amounts of two ketones, inp 72 
and 143°. With a view to securing a better method of preparation, thn 
lowered the temperature to 0" or to —15", but obtained no betti'r rcMilt- 
Substitution of other catalysts, or of acetyl bromide or acetic anhydriilc 
for the acetyl chloride likewise did not improve the yield, losing nitui- 
benzene instead of carbon disulfide as solvent, however, they obtained a 
mixture of two ketones in about an 80 per cent yield. These were scjia- 
rated by difference of solubility in nietliyl and ethyl alcohol. 2-Acctyl- 
pbenanthrene, sparingly soluble in alcohol, melts at 143", and was securcil 
in 15 per cent yield. 3-Acetylphenanthrene (m.p. 72°) was obtained m 
63.5 per cent yield. They were not able to isolate any other acctyl- 
phenanthrene isomer. Attempts to synthesise 9 -acetylphenanthrciic In 
other means were fruitless; there was a marked favoring of the 2- (»<*' 
S-positions in the Friedel-Crafts acetylation. 

Similarly in the reaction of propionyl chloride with •phenanthrcii'' 

•B H. i1>Di«iIm»1i, H UnuMn, >ikI H. Ban, Btlv. CMn, Aeta.. U, SUI-ttM (IBH) C 1 
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Bachmann and Struve obtained 2- and 3>proiMonyIpbenanthrene. To 
an ice-cold solution of 320 g of aluminum chloride and 200 g of phenan- 
threne in 1750 cc of nitrobenacne was added 140 g of propionyl 'chloride 
at one time. The mixture was kept cold for half an hour and allowed 
to stand at room temperature for twelve hours. After usual treatment 
with water-HCl and removal of solvent, the product was dissolved in a 
hot mixture of acetone and alcohol. From this, 20 g of 2-propionyl- 
phenanthrene crystallised out. Recrystallisation from alcohol gave a 
in.p. of 104-105°. From the filtrate from which the 2-iBomer had been 
removed, 60 g of 3-propionylphenanthrene was deposited after three 
weeks’ standing. Recrystallisation from alcohol gav'e a m.p. of 56-57°. 

The condensation of phenanthrene with diethylmalonyl chloride in 
the presence of aluminum chloride yields dicthylphcnanthreneindandione, 
t'jiHigO., m.p. 137-139°."-=> 

The reaction between phemintliienc and benzoyl chloride has been 
studied by Bachmann.''-" It had been previously reported by Willgerodt 
and Albert""" that the reaction of jihcnanthrcne and bensoyl chloride in 
carbon disulfide solution in the picsencc of aluminum chloride gives 
9-bcnzoylphenanthrcne, m.p. 127'’. Bachmann repeated the reaction, 
exactly as described by the previous workers, and obtained 1-benzoyl- 
phenanthrene, m.p. 146-148°. When the reaction was performed in nitro- 
benzene solution there was obtained, be-irles the 1-isomer, small amounts 
of 2- and 3-bensoylphcnanthrcnc. Th(‘ 2-isomer rccrystallized from 
acetone melts at 111-112°. Using the Perrier modification of the Friedcl- 
Crafts reaction, 25 g of 1 bcnzoylidiemiiillircne was obtained from 114 cc 
of benzoyl chloride and 204 g of pheminthrcne. In nitrobenzene solution, 
the reaction yielded from 100 g of phcnuiithrenc, 32 g of 3-benzoylphen- 
anthrene, 5 g of the 2-, and 10 g of the l-i'-omer. The compound reported 
by Willgerodt and Albert was nut found. 

A dibenzoyl derivative (m.]). 181 i lias also been obtained by the 
reaction of phenanthrene with benzoyl chloride and aluminum chloride in 
carbon disulfide.""" 

Clar reacted phenanthrene with o-toluyl chloride in carbon disulfide 
solution in the presence of aluminum chloride. He w'as able to get no 
crystalline product, but concluded that the product consisted mostly of 
9-o-toluylphenanthrenc, together witli ■'mall amounts of the 2- and 
S-isomers. By performing the icaction in nitrobenzene solution, how- 
ever, Bachmann and Pence found that u mixture of 2-o-toluylphenan- 
threne and 3-o-toluylphenanthrene was obtained which could be readily 
separated into its crystalline components, m.p. 115-116° and 89-90°, 
respectively. 

Perinaphthane (peri-trimethylcncnaphthalenc) has been reacted with 
benzoyl chloride by the Perrier mmlification t>f the Friedel-Crafts reac- 
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tion.**” A 96 per cent yield of S-benzoylperinaphthane (m.p. 62-63‘') 
havuig the follo^ng etruciure was obtained: 



The synthesis of an acetylretcne (m.p. 99.5-100°) has been reported in 
60 per cent yield by reaction of retene, acetyl chloride, and aluminuiu 
chloride in carbon disulfide solution A 45 per cent yield has been 
obtained using nitrobenzene as solvent, and it has been shown to be 
3-acetylretene.*®“ 

The reaction of retene with acetyl chloride and aluiiiinuiii chloride lu 
nitrobenzene solution for the production of acctylrelene has been jiat- 
ented.*" 

Present availability of retene from rosin and pine tar oils suggests it ^ 
employment for synthesis in the phciianthrcne series. 

The acetylation of 9,10-dihydrorctonc has also been studied, and it 
has been found to occur readily. The product is /9-acctyldihydroretcuc 
(m.p. 77°) secured in 60 per cent yield, but if slightly more than twice 
the quantity of acetyl chloride and of the catalyst is used, a 60 per cent 
yield of the diacctyl derivative (m p. 147-148") w'as obtained The struc- 
ture of this product has nut been proved Oxalyl chloride introduces 
the carboxyl group into retene, the reaction product of retene, oxal>l 
chloride and aluminum chloride in carbon disulfide being retene raunii- 
carboxyhc acid.‘‘^° 

Wi^ diethylmalonyl chloride retene yields diethylrcteucindandionc, 
CasHasOz, m.p. 134-135°.«» 

According to Perrier,^ the compound obtained by heating bcnzo\l 
chloride with aluminum chloride in carbon disulfide solution reacts with 
retene to form an acylatcd product, (CeTI.iCUCiglliTl^AlsClo. 

The condensation of pyrene with alkyaryl carbamyl halides in the 
presence of anhydrous aluminum chloride has been claimed to yield 
alkylaiylcarbamyl pyrenes which may be hydrolyzed to give a pyrciic 
carboxylic acid.*’’^ Thus pyrene may be heated m chlorobenzene in tin 
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prosenoft of aluminum chloride with ethylphenylcarbamyl chloride to 
|rivc 3-ethylphenylparbamylpyrcnc which, upon boiling with sulfuric 
Hoid, gives pyrcne*-3-carboxylic acid according to the equations: 



Dicarboxylic derivatives may be scoured by using 2 moles of the 
carbamyl chlorides. 

The acetylation of pyrene yields 3-acetylpyrene, ni.p. Dzie- 

wonski and Sternbaeh used pyrene and acetyl chloride in nitrobenzene 
in the presence of aluminum chloride at 20*^ for this reaction. Similarly, 
from 40 g of pyrene and 35 cc of propionyl chloride, 42 g of 3-propionyl- 
pyrene (m.p. 84-85°) has been obtained.*^^^ By Friedel -Crafts conden- 
sation of 2 moles of chloroacetyl chloride with pyrene, a mixture of two 
isomeric diacetyl derivatives, 3,8-dichloroacetyl- and 3,10-dichloroacetyl- 
pyrcnc, is obtained.'*^* 

Pyrene has been reported to react with benzoyl chloride with alumi- 
num chloride and carbon disulfide to give 3-benzoylpyrene if one mole of 
the acid chloride is used, or a mixture of di- and tribcnzoylpyrenes if 
2 moles of benzoyl chloride are used.^^* However, Vollmann and 
co-workers have found that only a mixture of 3,8- and 3,10-dibenzoyl- 
pyrenes is produced by this reaction. A tri-acylated compound could not 
be isolated. 3-Benzoylpyrene (m.p. 128°) was prepared in excellent yield 
hy these workers if nitrobenzene instead of carbon disulfide was us^ as 
solvent. 

With a-naphthoyl chloride, a mixture of 3,8- and 3,10-rli-OE-naphthoyl- 
pyrenes is obtained. Use of /0-naphthoyl chloride gives the correspond- 
ing /5-derivative.*^® 

Scholl, Meyer and Donat,**® however, report that replacement of car- 
bon disulfide by benzene, toluene, chlorobenzene, or tetrachloroethane 
and avoidance of a temperature greater than 20® leads to a great improve- 
ment in the yield of 3-aroylpyrcnes obtained from aroyl chlorides, pyrene 
and aluminum chloride. 
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Tbe following S-aroylpyrcnos have been prepared by thcae author^ 
using the corresponding hydrocarbon and aroyl chloride with aluminum 
chloride and the indicated solvent: 


Kotoiitf 

S-Benioylpyiene 

S-p-Bromobensoylivyrcne 

S-p^Toluylpyrene 

S-Cimuiinylpj'rcne 

S-a-Naphthoylpjrrcne 


in p. 

SolvMt 

Yiold (5 


irvm^tetrachloroeUiane 

90 

174.175* 

beosene 

90 

155-156” 

benxene 

, , 

U9i^l20 6” 

bpnsene 

, , 

168-154” 

brnzene 

80 


The procedure given above for the preparation of these compounds 
as well as of p-bromobenzoylpyrcne (mp. 174-175°), jS-naphthoylpyrenc 
(m.p. 160-151®) and o-chlorobenzoylpyrenc fmp 151 5-152 5°) has been 
patented.**^ 

Ketones produeed by the alinninum chloride condensation of pyrene 
with aromatic carboxidic acid chlorides such as benzoyl chloride, 
m-chlorobenzoyl chloride, p-toluyl chloride nr a-naphthoyl chloride are 
also claimed in a patent to General Aniline Works *** as intermediate 
compounds in the production of vat dyes. 

In addition to this, another patent**" also recommends the use of 
such solvents as benzene, toluene, chlorobenzene or tetrachlorethane for 
the production of ketones of the pvrenc scries by the interaction of 
pyrene witli halides of a- and ^-unsaturated or aromatic acids having at 
least one free o-pomtion For example, an 80 per cent theoretical yield 
of monobenzoylpyrene fin p 124°) was obtained bv shaking 10 part'- of 
pyrene in 80 parts of benzene with 91 parts of benzoyl chloride ami 
7 parts of aluminum chloride at 20® for five hours 

Acyl derivatives of benzopyrenes have been prepared. Thus by react- 
ing 3,4-benzopvrene with acetyl chloride in the presence of aluminum 
chloride in carbon disulfide, a 66 per cent yield of lO-acetyl-3, 4-benzo- 
pyrene was secured *''® 

Perylenc and chloroacctyl chloride give 3,9-dichloroacetylperYlcne 
with aluminum chloride in carbon disulfide *‘'” 

By allowing a mixture of ethylchrysene, acetyl chloride, aluminum 
chloride and carbon disulfide to stand for twelve hours, and then heating 
for five hours, acetyl-2-cthylehry6ene (mp. 131°) has been prepared*'" 
Work has been done on the acylation of diehloroperylenes A patent 
to F. Bensa *“ claims the production of 3,9-dichloro-4,10-diacetyl- (or 
dipropionyl-) perylenc from 3,9-diehloroperylcne, aluminum chloride m 
carbon disulfide, and acetyl- or propionylehloridc. Both compounds nmv 
be obtained by crystallization from nitrobenzene or xylene; they dn nut 
melt without decomposition. 
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PongratB ^ fieoiured 3,9*diehloroperylene-4,10-dibutyrylperylene (m.p. 
258-259^) by the Friedel'^Crafta reaction from 3j9-dichloroperylene and 
butyryl chloride. 

Reacting 2 moles of benzoyl chloride with 1 mole of perylene and 
aluminum chloride in carbon disulfide results in the formation of diben- 
zoylperylene.*“ This was later identified as 3,9-dibenzoyl perylene.^®® 
When benzoyl chloride was reacted with perylene in the presence of alu- 
minum chloride, and the reaction mixture was allowed to stand for twenty 
to forty hours at room temperature, Zinkc and Benndorf obtained a 
mixture of 3,9- and 3,4-dibenzoylperylene. By suspending perylene in 
4-chlorobenzoyl chloride and treating it, under cooling, with aluminum 
chloride, 3,4-bis (4-chlorobenzoyl) perylene (m.j). 346-347°), together with 
a small amount of the corresponding 3,9-coiiipouud, was prepared.*®® 

Pongratz and Halabarda also report the formation of a diketone; 
from perylene and m-toluyl chloride with aluminum chloride they 
obtained di-m-toluylper>iene, m.p. 245-250°. With p-toluyl chloride, 
3,9-di-p-toluylperyleno [m.p. 317-318.5° (corr.)],was secured.*®® 

Benzoyl chloride was reacted with 3,9-dibromoperylene by Zinke and 
co-workers.*®® They allowed to stand overnight a mixture consisting of 
1 g of the halogenated perylene, 24 cc of carbon disulfide, 0.8 g of benzoyl 
chloride and 1 g of aluminum chloride. The mixture was subsequently 
boiled for three hours and then subjected to customar^^ treatment for 
isolation of the ketone. The product obtained was 4,10-dibenzoyl-3,9-di- 
broiuu])erylenc, m.p. 355° (w’ith decomposition). In the same way, 4,10- 
dibenzoyl-3,9-dicliloroperylcnc was securer! from 3,9-dichloroperylene and 
benzoyl chloride.*®^ 

Zinke and co-workers *®’‘* have also reacted 4,10-dichloropcrylene with 
p-chlorobenzoyl chloride in the presence of aluminum chloride. The 
reactants, in carbon disulfide, were allowed to stand for 24 hours; the 
mixture w’as then refluxed for two hours. 3,9-Di-p-chlorobenzoyl-4,10- 
dichloroperylene (m.p. about 350°) was obtained. In the same way, using 
p-bromobenzoyl chloride instead of 7^-chlorobcnzoyl chloride, was 
obtained 3,0-biB (p-bromobenzoyl) -4, lO-dichloroperylene, m.p. about 370°. 

Using substantially the same procedure, 4,10-dichloroperylene was 
reacted with other aroyl chlorides and the following products were 
obtained : 

3.9- di-o-toluyM,10‘dicbloi’aperyleiic, m.p. 351 ‘ 

3.9- di-7ri-toluyl-4,10-dichloropcrylene, m.p. 334” 

3.9- di-p-tolu3d-4,10-dichloroperylene, m.p. 345“ 

S-a-naphthoyMilO-dichloropcrylene, m.p. 275“ 

3-P-n(iphthoyl-4,lO-dichloroperylrnei m.p. 293“ 
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It is of interest that in the reaction of dichloroperylene with <t- or ^-naph- 
thc^l chlorides, only mono-substitution is obtained. In the other acyla- 
tions of perylene, in spite of the fact that an excess of the acyl chloridr 
was not used, di-substitution had invariably resulted. 

Reaction of 2,3,10,1 1-dinaphthoperylene and benzoyl chloride with 
aluminum chloride and carbon disulfide results in the formation of a 
tribensoylnaphthoperylene.'**’ 

The condensation of chrysene and benzoyl chloride with ahiniiniun 
chloride in carbon disulfide gives a good yield of 2-benzoylchrysene, m.p 
191®.*** The preparation of 2-benzoylchrysenc (m.p. 186-187°! from 
chrysene and benzoyl chloride in the presence of aluminum chloride h.<l^^ 
been patented.*** Excess of benzoyl rhloride with chrysene and aluininum 
chloride, allowed to stand for 48 hours at room temperature and then 
warmed for one hour at 100°, gives two dibcnzoylchrysenes, in.)) 208 and 
252°. Ethylchrysene and benzoyl chloride with aluminum chloride in 
carbon disulfide give a bcnzoylethylchrysenc, m.p. 130°.*** 

The condensation of polynuclear hydrocarbons with highly ain- 
matic carboxylic chlorides results in the formation of various dyes oi 
dye intermediates. In a du Pont patent,**^ dibenzanthrone derivativ("« 
having 2,2'-positions free are condensed in the presence of aliimininn 
chloride with carboxylic chlorides such as, for example, l-chloroanthrn- 
quinone-2-carboxyly] chloride for the manufacture of vat dyes. 

Partially Saturated Cyclic Hydrocarbons * 

Since the cycloaliphatic hydrocarbons resemble aliphatic hydrocar- 
bons in Friedel-Crafts reaction, a discussion of condensations effected 
with members of the cycloaliphatic scries is found in the chapter devoted 
to Friedel-Crafts reactions in aliphatic chemistry. 

The reaction of hydrindene with acid chlorides was studied by 
von Braun and co-workers *** They added, with ice-cooling, 12 g of uhi- 
minum chloride to a mixture of 10 g of hydrindene, 7 g of acetyl chloride 
and 50 g of carbon disulfide. After letting stand for two hours, the 
reaction mass was decomposed with icc. Customary distillation and 
purification gave a product, b.p. 134-135°/11 mm, which was identified 
jff-hydrindyl methyl ketone. 
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Hic acetylation occurring in the 6-position. The yield was 90 per cent of 
Hieoretioal. The preparation was repeated by Borsohe and Pominer/®® 
who gave 267-268°/748 mm as the boiling point of the acetylhydrindcnc 
obtained. The latter also found that the reaction of benzoyl chloride 
with hydrindene proceeded similarly, giving benzoylhydrindcne, melting 
indefinitely above 40°. 

In his work on cancer-producing hydrocarbons, Cook^"'® reacted 
hydrindene with 2-methyl-l-naphthoyl chloride by gradual addition of 
] part of aluminum chloride to an ice-cold mixture of 1 part, of the acid 
[•liloride, 1 part of the hydrocarbon, and 3 parts of carbon disulfide. He 
hcniTcd a ketone probably having the structure 



w liich could not bo isolated. Later, Cook showed that when this ketone 
was heated at 450" for two hours, 5,6-cyclopentcno-l,2-bcnzanthracene 
fin.p. 199-200”) was formed. 

Julius von Braun studied the reaction of oxalyl chloride on hydrin- 
dene. Since in the Fricdel-Crafts reaction oxalyl chloride may be decom- 
posed under the action of the catalyst to yield phosgene and carbon 
monoxide, earboxylation occurs in the reaction of oxalyl chloride with 
hydrindene, the product being /8-hydrindenc carboxylic acid (in about 
fiO per cent of theoretical yield) together with a small amount of the 
a-isomer. 

Indene polymerizes in the prc.sence of aluminum chloride; simultane- 
ous polymerization and acylation with higher aliphatic acid halides has 
been claimed to give resins having unusual properties.^*^* 

Acenaphthene was acetylated by Gracbe and Haas.^"^® Ten parts of 
acenaphthene, 70-80 parts of carbon disulfide and about 7 parts of 
aeetyl chloride were heated under reflux on a water-bath; then gradually 
10 parts of aluminum eliloridc was added, the entire operation lasting 
from 1 to IJ hours. After usual decomposition of catalyst and removal 
of solvent, the acetylaccnaphthene was distilled off at 350-360°. Upon 
rrystallization from alcohol, the pure compound was found to melt at 75° 
and boil at 361°. Graebc calls it 4-acctyl acenaphthene, but the structure 
which he assigned to it, 

“"W. Bowrhe and M. Fommer. Bcr., 54, 102-110 (1021). 
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Cna-CH* 



COCHi 


corresponds to what would now be designated as the 3-acetyIacenapli- 
thene. 

More recently, Ficser and Hershberg isolated, through the picratr, 
frran the product resulting from the reaction of acenaphthene with acetyl 
chloride and aluminum chloride in nitrobenzene solution pure 3-acetyl- 
aoenaphthene, existing in two interconvertible polymorphic forms melting 
at 67° and 70°. From the mother liquor there was obtained a small 
amount of colorless prisms of 1-acetylarenaphthene, m.p. 103.5-104.5°. 
It is probable that Graebe’s 3-acetylaconaphthene, purified only by dis- 
tillation and crystallization, was really a mixture of the two isomers. 

In preparing large amounts of 3-aeptylacenaphthene according to 
Graebe’s method, Fleischer and Wolff obtained from the high-boiling 
fractions of the product a diacetylacenaphthene, m.p. 146°. An I. G 
patent*^' claims the production of a diacetylacpna]>hihenr, also melting 
at 146°, by dissolving the monn-acctylacenaphthcne in carbon disulfide, 
adding aluminum chloride, and then, under stirring, a solution of acetyl 
diloride and more aluminum chloride in carbon disulfide. The amount of 
diacetyl compound obtained is said to be 70-80 per cent of the theoretical 
Friedel-Crafts reaction of /S-chloropropionyl chloride with acenaph- 
thene yields 3- (/3-chloropropionyl) acenaphthene.”'^ 

Mayer and Kaufmann*^’ obtained 3-chloroacetylaccnaphthene (m.p. 
104°) by slowly treating with 30 g of aluminum chloride a solution of 
25 g of acenaphthene and 30 g of chloroacetyl chloride in 250 cc of boil- 
ing carbon disulfide. The corresponding bromo- compound (m.p. 180°) 
and an unidentified substance (m.p. 94-96°) were obtained from acenaph- 
thene and bromoacetyl chloride in the presence of aluminum chloride by 
Fleischer and Wolff. Dichloroacetylaccnaphthene (m.p. 194-195°) i^ 
claimed in an I. G. patent*''* as the product of the reaction of acenaph- 
thene and excess amounts of chloroacetyl chloride and aluminum chloride 
'When Fleischer and Wolff *’'* treated 3-ethylaccnaphthene with acetyl 
chloride and aluminum chloride they obtained the 4- (7) -acetyl deriva- 
tive, m.p. 110-6°. 

Acenaphthene in carbon diatilfide was reacted with propionyl chloride 
in the presence of aluminum chloride by Dziewonski and Moszew.*** They 
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obtained 3-propionylaoenaphthene (m.p. 69.5-70*’) and a second ketone, 
3 , 4 -dipropionylaoenaphtbene, m.p. 122-123°. 

Condenaaticm of crotonyl chloride with acenaphthene and al uminum 
chloride in carbon disulfide solution gives a 43 per cent yield of 3-cro- 
tonylacenaphthene.**^ 

Dimethyhnalonyl chloride reacts with acenaphthene in carbon disul- 
fide with aluminum chloride to give two indandiones, 5,6-acenaphthene- 
dimetbylindandione (m.p. 127.5-129°) and isoacenaphtbenedimethyl- 
indandione, m.p. 176.5-177.5°.^^- Diethylmalonyl chloride has been 
reacted with acenaphthene by Freund and Fleischer.*^’ They obtained 
5,6-acenaphthenediethylindandione (m.p. 156°), another acenaphthene- 
diethylindandione (m.p. 109-111°), and diethyldiacenaphthoylmethane, 
m.p. 229-231°. 

Oxalyl chloride with tetrahydroacenaphthene and aluminum ehloride 
results in carboxylation, a mixture of two isomeric tetrahydroacenaph- 
thene earboxylic acids being obtained 
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The reaction of acenaphthene with bcnsoyl chloride was reported by 
Uraebe and Haas.'*^*' They dissolved 20 g of acenaphthene and 28 g ben- 
zoyl chloride in about 150 cc of earbon disulfide, added 20 g of aluminum 
chloride, end heated under reflux for hours. After usual decomposition 
of complex, removal of solvent and distillation, they obtained from the 
fraction b. 380-410°, by crystallization, from alcohol or acetic acid, a 
benzoylaoenaphthenC, m.p. 101°. This was called 4-beneoylaoenaph- 
thene; but according to the structure which they assigned to it, the ben- 
zoyl substitution was in what is now termed the 3-position: 


CHi-CHi 



c=o 
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Using essentially the same method, Dziewonski and Rychlik obtained 
a 60-70 per cent yield of 3-benzoylacenaphthene, m.p. 100-101°. A 77 
per cent yield is obtained when nitrobenzene is used as solvent. 

Recently, Bowden and Harris report that by modifying the procp- 
dure of Graebe and Haas, they obtained a very pure product, to which 
they gave the same structure. These workers, however, report the m.p 
to be 85°. 

Benzoylaccnaphthcnc was also prepared by Perrier,^"* who reacted the 
addition product, CsHsCOChAlCls, with acenaphthene in carbon disulfide 
solution. When acenaphthene and o-toluyl chloride are condensed with 
aluminum chloride in carbon disulfide, substitution occurs in the 3-poM- 
tion, giving a 23 per cent yield of 3-o-toluylaccnaphthenc, m.p. 139- 
140°.**® Acenaphthene has also been reacted with 2-methyl-l-naphtho>l 
chloride, a 66 per cent yield of 3-(2'-inethyl-l'-naphthoyl)accnaphthcn( 
being secured.^*^ 

Fluorenc was condensed with acetyl chloride in the presence of alu- 
minum chloride in carbon disulfide solution by Dziewonski and Sclma>- 
der.*®® They obtained 2-acetj'lfluorene, m.p. 132°, and the dikclunc, 
2,7-diacctylfluorene, m.p. 182-184°. In the similarly performed con- 
densation of 2-benzylfluorenc with aretyl chloride, Dziewonski and 
co-workers'*®* obtained 7-acctyl-2-beiizylfluorene, m.p. 130-131°. 

The reaction of fiuorenc w'lth acetyl chloride was studied more care- 
fully by Dziewonski and Kleszcz who found that, W’hcreas at 5-10'’ 
the main reaction product was 2-ucctylfiuorene, if temperatures of 20-25 
were used, diacetylation occurred. According to Ricveschl and Ray 
the diacetylated fluorene thus obtained is 2,3-diacetylfluorenc. 

With dimethylmalonyl chloride, lluorenc gives two isomeric dinicthyl- 
malonylfluorenes. Freund and co-workers *®* dissolved 0.2 mole of flun- 
rene in 200 cc of carbon disulfide and added 0.3 mule of dimethylmalon} I 
chloride. To this, during a half hour, 70 g of aluminum chloride 
added. The reaction mixture was tlicn gently heated for IJ houis 
decomposed with ice and then distilled. By repeated crystallization lioiii 
benzene 11 g of a-fluorcnediinethylindandione (m.p. 220-221°) and 15 ;; 
of the j8-isomcr (m.p. 156-158°) were obtained. The structure of th('''C 
compounds could not be determined satisfactorily, and they have simply 
been designated as the a- and ^-compounds. There was also obtamc'l 
1 A g of isobutyrylfluorene, m.p. 80-82°. The latter was no doubt formctl 
by the conversion of dimethylmalonyl chloride into isobutyryl chlniKk 
and the reaction of the latter on the fluoreno. 
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Fortuer^*^ condensed fliiorcne with benzoyl chloride with aluminum 
rhloride in carbon disulfide Bolution and obtained 2-bcnzoyIfluorcne, m.p. 
1 24-126 Dziewonski and Oblulowicz also reported that fluorene and 
benzoyl chloride with aluminum chloride in carbon disulfide at ordinary 
temperature gave 2-bcnzoylfluorene, m.p. 122°. AVhen benzylfluorene 
was condensed with benzoyl chloridei the acyl group went into the 
7-position, resulting in the symmetrically substituted fluorene.^®® The 
resulting 7-benzoyl-2-benzylfluorene melts at 126-127° and boils at 340- 
,'ir30°/15 mm. 

The 7-position was also taken in the condensation of 2-benzoylfluo- 
rcnc with benzoyl chloride and aluminum chloride in carbon disulfide 
under heating. The 2,7-dibenzoylfluorene so prepared melts at 193-194°. 
By reacting fluorene with 2-inethyl-l-naphthoyl chloride, an 85 per cent 
yield of 2-(2'-methyl-l'-naplitlioyl)fluorrnc (m.p. 169-170°) was secured. 

2-BeDzoylfluorene has also been prepared by Perrier,^®® who secured a 
purer compound by first allowing the benzoyl chh)ride to react with the 
nluminuin chloride and then adding the fluorene. 

Polynuclear Hydrocarbons and Nitrogenous Acid Chlorides 

According to Gattrrmann,®^ carbamyl chloride or N-alkylcarbamyl 
chlorides condense with polyiiiich^ar hydrocarbons in the presence of alu- 
minum chloride in carbon dibulfide to give monocarboxjdic amides of the 
liydrocarbon employed. Thus naphthalene and carbamyl chloride give 
a-naphthoic acid amide (m.p, 202*^) aeeonling to the equation: 

rONH* 



With a-ethylnaphthnleiie, para-substitution is secured: 


CiHs 

cicoNir. 


Arcnajihtlicne reacts similarly: 
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The prcparetion of pyrene rarboxylic acid by reacting pyrene witli 
cariMonyl chloride in tlie prcecncc of aluminnin chloride and eaponifyini; 
the amide obtained haa been paiented.””' 

The preparation of higli inn|p<-iilar aromatic carboxylic acid amides 
by the action of up to 2 nioleciilcs of carbamyl chloride or its alkyl, 
aralkyl or aryl derivatives on one molecule of an aromatic hydrocarbon 
with at least three condensed benzene rings, or on one molecule of a non- 
basic reacting heterocyclic compound with at least two condensed ben- 
zene rings or on their halogen substitution products, has been patented.'”’' 

He reaction products of N-methylcarbamyl chloride with the fol- 
lowing compounds are described: 

3-chloropyrcnc 

3- methylpyrcne 

4- mcthylpyrene 
peiylene 
naphthofluorene 
isocluy'sofluorenr 
1,2-benzanthrBcene 
naphthacene 
picene 

Reaction products of carbamyl chloride with the following arc al«(i 
prepared: 

fluoranthrene 

triphenylenc 

bascane 


Although the reaction of carbamyl chloride with benzene or benzene 
homologs has long been known, the instability of carbamyl chloride lia^ 
occasioned difficulty in its use. In 1936, however, Hopff and Ohlinger"'" 
found that carbamyl chloride or its alkyl substitution products are sta- 
bilized by treatment with Friedel -Crafts type catalysts. Carbon di>^ulfi(li 
is mixed with carbamyl chloride and anhydrous aluminum chloride i^ 
added in small amounts. The carbon disulfide is distilled off by gcntli 
heating, leaving the acid chloride in a readily powdered stable condition 
The use of the carbamyl chloridc-alumimiiii chloride condensation 
product greatly facilitates the Fricdcl-Crafts reaction with aromatic 
hydrocarbons. Thus, in the preparation of 4,4'-biphcnyl dicarboxyhe 
acid amide, one molecular proportion of diphenyl is caused to react wito 
two molecular proportions of the compound derived from 37.5 per cen 
of carbamyl chloride and 62.6 per cent of aluminum ehloride obtained a« 
described above. Commercial dichlorobenzene is used as solvent, and 
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the reaction mixture is heated while gradually raising the temperature 
from 60^ to 140^ until hydrogen chloride has ceased to be evolved,*^ 
Other polynuclear aromatic hydrocarbons react similarly, the fol^ 
lowing dicarboxylic acid amides having been formed by the process: 

fluorene dicarboxylic acid diamide, m.p. 292° 
stilbene dicarboxylic acid diamide, m.p. 322*323^ 
chrysene dicarboxylic acid diamide 
pyrene dicarboxylic acid diamide 
fluoranthrene dicarboxylic acid diamide 

If the two carboxylic amido- groups enter into the pen-position of the 
hydrocarbon, dicarboxylic imides are secured instead of diamides. For 
(xaniple, acenaphthone-5,6-dicarboxyIic imidc is secured in good yield 
Jnui] arrnaphthene: 


ll 3 (— CHa /lljC— CH.I \ UaC — t'lla 



I roNHa r r 

\ CONHi / O-^N/^O 


N 

H 


Reactants which yield carbainyl chloride may be used for the pro- 
duction of aromatic amides. Cyanic acid with hydrogen chloride in the 
presence of aluminum chloride reacts with naphthalene to give s-naph- 
thamide.i^"'^ A mixture of potassium cyanate, naphthalene, and aluminum 
chloride similarly gives a-naphthamide.*’*^ 

Acenaphthenc amide (m.p. 197-198°) is easily obtained by reaction 
of cyanic acid, hydrogen chloride, and acenaplithene under the influence 
of aluminum chloride.^® 

Polycyclic aromoLtic hydrocarbons may be condensed with alkylaryl- 
carbamyl chlorides to give alkyl anilides of aromatic carboxylic acida.®®’^ 
Condensation proceeds in the presence of aluminum chloride, the reac- 
tion being similar to that of aromatic hydrocarbons with carbamyl chlo- 
ride or with alkylcarbamyl chlorides. For example, from acenapbthene 
and phenylethylcarbamyl chloride there is obtained acenaphthene-5-car- 
buxylic acid ethylanilide (m.p. 158°) or acenaphthene-5,6-dicarboxylic 
acid ethylanilide, m.p. 217°. 

Cyanoacetyl chloride condenses with polynuclear hydrocarbons to 
Kivc normal Friedel-Crafts substitution. With 1-methylnaphthalene and 
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Gywoaoetyl chloride in the presence of aluminum chloride and a solvent 
at below W”, there is obtained a cyanoacctyl-1-mcthylnaphthalenc (m.p. 
127°) according to the reaction: 

CJlf . CH. + NC . CHiCOCl NC . CH.CO . C,H, . CU. + HCl 


Acenaphtheno reacts similarly to give 5-cyanoacetylacenaphthcnc.’'''>'‘ 

Reaction of Ethers with Acyl Chiobides 

Unsubstituted Phenol Ethers and Acyl Chlorides 

Anisole. Alkyl ethers of phenol react with acid chlorides in llir 
presence of aluminum chlorulc to give p-acyl substitution: 


OR 


+ K'COCT 


on 



h 1K‘1 


COR' 

The reaction of anisole with acetyl chloride has been much studied.^'"' 
Baranger reports that p-acylanisoles were obtained in excellent yiolih 
by slowly dropping the acid chloride into a solution of anisole in carbon 
disulfide in the presence of anhydrous aluminum chloride. Thus a 96 pir 
cent yield of p-acetylauisolc (ni.p. 38-39°) was secured by using 200 g of 
acetyl chloride, 200 g of anisole, 300 g of anhydrous aluminum chloride 
and 500 g of anhydrous carbon disulfide. 

Gattermann and co-workers dissolved anisole and acetyl chloride 
in carbon disulfide and gradually added aluminum chloride. Besidch 
p-acetylanisole, they also obtained dianisylethylcne, C 2 H 2 (CoH 4 . 0 CII,i)j 
N o solvent was used by Kuroda and Matsukuma.'”** With an execs'- 
of acetyl chloride, they secured only a 35 per cent of theoretical yield of 
p-acetylanisole, together with considerable quantities of a crystalline 
substance melting at 135°. In view of the fact that when this method 
was applied to other acetylations it gave theoretical yields, the low yield 
obtained here is noteworthy, and corresponds to Gattermann’s experience 
Disubstitution has been reported in the reaction of chloroacctyl chlo- 
ride with anisole. By adding 22.5 g of anhydrous aluminum chloride to 
15 g of anisole and 22.5 g of chloroacctyl chloride in carbon disulfide, 
Kunckcll and Johannssen obtained p-(chloroacetyl) anisole 


>OCHi 

Nx) - cuici 
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ni.p. 102“. When double the above cpiantitiofl of nluminum chloride and 
chloroacetyl chloride arc iinctl, binfcliloroaeotyDanisole, HaCOCoHa 
(COCHi!('d)o (ui.p. 106“), is obtained. 

Ill reacting chloroacetyl chloride with anisolc, Tutin reported the 
formation also of the o-isomer. One molecular proportion of anisole was 
mixed with more than the equivalent quantity of the acetyl chloride and 
then diluted with carbon disulfide. A molecular proportion of aluminum 
cldoride was carefully added, under cooling. After three hours the sol- 
vont was decanted, the reaction was treated with water and HCl and 
then extracted with ether. The ethereal liquid was shaken with sodium 
hydroxide in order to remove impurities, and the solvent was then evapo- 
rated. Upon fractional crystallization from alcohol there was obtained, 
for the most part, p-( chloroacetyl) anisole (m.p. 102®) and the o-isomer, 
m.p. 69®. This work was later repeated and confirmed by Auwers and 
From bromoacctyl bromide and anisole, p-fbromoacetyl) anisole 
has been prepared.*'^’’ 

The reaction of propionyl chloride and anisole has been studied by 
Oattermann,®”® who reports that the chief reaction product was p-pro- 
pionylanisolc (m.p. 27®, and b.p. 273-275°) but that some dianisyl- 
propylene, (TnHi OCTIaioC.-CTTC'H-i, is also formed. Klagcs states 
that the formation of large amounl.s of the propylene compound are 
avoided by working at a temperature of —5° and using petroleum ether 
insitead of carbon disulfide as solvent. Using 60 g of anisole and 80 g 
of propionyl chloride, he obtained a yield of 55 g of propionyl anisole, 
l)i 4 148°. Using carbon disulfide as solvent, however, Baranger®”® 
reported a 93 per cent yield of propionylanisole, bio 149-150.6° and m.p. 
20.5°. 


By the action of aluminum chloride on a solution of anisole and 
biityryl chloride in light petroleum, Skraup and Nieten'*^® secured a 
46.5 per cent of theoretical yield of p-butyrylanisole, b.p. 162-163°/20 
mm. and m.p. —3° to —4°. They state that, if light petroleum is 
replaced by carbon disulfide, the yield of the ketone is decreased to only 
29.2 per cent because the product is contaminated with a,a-di-p-Bnisyl- 
3f-hiitylenc, (0H80.CflH4)aC:CH.C2HB. This is the same type of olefin 
substitution as was secured by Gattermann in his reaction of anisolc 
with acyl chlorides using carbon disulfide as solvent. 

Baranger secured a 91 per cent yield of p-butyrylanisole (bip 158- 
159°, m.p. 21-22°) by reacting anisole with butyryl chloride in anhydrous 
<?nrbon disulfide in the presence of aluminum chloride. 

Using the process of Klages,®^'* in which petroleum ether was used as 
solvent and the reaction temperature was held at about —5°, Skraup 
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and Ni^t«n "*® rpHftpd nniRolr with the inriirated acid ehinrides and 
obtained the follnwinft ketonea: 


Aeid dilM'iflii Uiied 

Krtone OhiAmiKl 

b.p. 

Ill ii 

% yiplil 

n-Valrroyl chloride 

71 -VcltoroyIanisole 

166-7714 mm. 

26" 

42.0 

luOaproyl chloride 

pHsaprovlaninolo 


41" 

82.1 

Heptanc^l chloride 

p-hcptanoylanisole 

192717 mm. 

40" 

43.3 

Nonaaoyl chloride 

]>Doiianoylaiiiso1e 


43" 

38.2 


The production of a 99 per cent yield of p-heptanoylnniaole (b 25 203°, 
m.p. 43°) was reported by Barani;er.®°'* He used anhydrous carbon disul- 
fide as solvent in the presence of aluminum chloride. The reaction of 
anisole with palmitoyl chloride has also been reported.®'^ 

Hie reaction of oxalyl chloride with anisole and aluminum chloride in 
carbon disulfide solution gives anisil (m p 132°) in 90 per cent yield,®'" 
according to the scheme: 

2CH.0 . C.H. + 0()ri COC'l (11,0 (’.H. CO ('O . r.H, . OCHj 

Although oxalyl chloride fails to give diketones with less reactive com- 
pounds, due to decomposition of the acid halide by the aluminum chloride 
before Friedel-Crafts condensation, the reaction proceeds normally with 
a number of phenol ethers. 

The chloride of ethyl chloroglyoxylate also reacts normally vitli 
phenol ethers,®'® the condensation occurring: 


RO.CA + CICO COOCiH. RO.C.H. CO.COOC,H, + HCl 

Glutaryl chloride, COCl.CH 2 CH 2 .CH 2 .COCl, condenses with anisole 
to give 3 ,y-dianiBoylpropane (m p. 99°), and in its asymmetrical form 
reacts to give «,«-di-p-aniBylvalerolactone, m.p. 111-113°.®*® 

Fumaryl chloride with anisole gives only a small yield of dianisoyl- 
ethylcne, the reaction between anisole and fumaryl chloride being unex- 
pectedly difficult.®*' The condensation proceeded normally, howevei 
Bceording to the equation: 

CICOCH : CHGOOl + 2CH/) . C.H, 

CH,0 . C.H 4 . CO . CH : CHCO . CtH, . OCH, + 2HC1 


The reaction of benzoyl chloride with anisole was reported by Gatter- 
mann and co-workers ®'® who described the production of p-benzoyl- 
anisole, m.p. 61-62°. 

Peterson ®** obtained p-chloro-p'-methoxybenzophenonc, CbH 4 C 1 .C 0 - 
C 6 H 4 .OCHS (m.p. 126°) by the action of anisole on p-chlorobenzoyl chlo- 
ride in the presence of aluminum chloride. He similarly prepared 
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c;-chln!U 7 >'-methoxybcnBophenone (b.p. 260'^/60 mm), using o-chloro- 
bcnzoyl chloride. Bergmann and Bondi reported that the m.p. of the 
p-compound prepared by them from p-chlorobonzoyl chloride and anisolc 
in the presence of carbon disulfide and aluminum chloride was 127*’. 

Anisole and o-bromohenzoyl chloride have been condensed in the 
presence of anhydrous aluminum chloride to give methoxy^o'-bromo- 
benzophenone^ m.p. 96-96.5®.®*^ 

Phenoxyacetyl chloride has been reacted with anisole to give p-anisyl 
))henoxyniethyl ketone, melting at 67®.®®® 

Cinnamoyl chloride was condensed with anisole by Bergmann and 
Wolff®®®; 44 g of anisole and 67 g of cinnamoyl chloride were used with 
100 cc of carbon disulAde and 50 g of aluminum chloride. The reaction 
was a vigorous one and was completed by four hours of boiling on a 
water-bath. The mass was decomposed by means of icc and fuming 
PICl, the solution dried and distilled. The unsaturated ketone which was 
obtained, benzal-p-methoxyacetophenonc, boils at 265° and melts at 107®. 
The ketone had previously been prepared in the same way by Stock- 
hausen and Gattennann.®®^ 

The latter also reacted anisole with an acid chloride containing a 
triple bond, phcnylpropiolic acid chloride, (/nHr.CiC.COCl, and obtained 
u ketone, C,iIIrtCiCOC«H 40 CH.^, m.p, 100°. Evidently the presence of 
unsaturated bonds does not interfere with expected ketone formation. 

By the interaction of anisole with diphenie acid chloride and alumi- 
num chloride, 2,2'-dianiBoylbiphenyl fin.p. 115°) has been prepared.®®® 
Anisyl chloride reaetb easily with anisole in the presence of alumi- 
num chloride in carbon disulfide to give p,p'-dimethoxybenaophenone, 
CoH4(OCH«).CO.CflH4.0CH3, m.p. 144°.®®® 

Mauthner ®"® reported the condensation of 3,5-dimethoxybenzoyl chlo- 
ride with anisole in carbon disulfide solution in the presence of aluminum 
chloride with the fonnation of 3,5,4'-triinethoxybenzophenonc, m.p. 97- 
98°. Veratroyl chloride was condensed with anisole by Kostanecki and 
Tambor to give 3,4,4'-trimethox>'bcnzophene, m.p. 98-99°, It has the 
following structure: 


CHbO 


<3 
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Coumarilyl chloride has been similarly reacted with anisole to give 
4-metlioxy-l -bonzoylcoumarone.'®®® 

2,3-nydroxynaphthoyl chloride is claimed to react with anisole in 
the presence of aluminum chloride to yield p-anisyl 3-hydroxy-2-naph- 
thyl ketone, m.p. 134-134.5°. Similarly the reaction of m-4-xylenol-5- 
carboxylyl chloride with anisole is claimed to give 2-hydroxy-4'-methoxy- 
3,5-dimethylbenzophenone (p-anisyl 4-hydroxy-m-5-xylyl ketone) m.p. 
106-106°.“* 

The condensation of fluorcnono-4-carboxylyl chloride with anisole in 
the presence of aluminum chloride leads to the formation of 4-p-methoxy- 
benzoyl)fluorenonc, m.p. 95°.“* 

Phenetole and Higher Alkyl Ethers of Phenol 

Phenetole has been condensed with numerous acid chlorides, the reac- 
tion proceeding with easy formation of the corresponding ketone. Gatter- 
mann and co-workers *** reacted phenetole with acetyl chloride in the 
presence of aluminum chloride and carbon disulfide and obtained 
p-acetylphenetolc, m.p. 60-61“. With propiouyl chloride they securer] 
p-propionylphenetole, m.p. 30°. Boeseken *** secured a 96 per cent of 
theoretical yield of the acetyl compound by the gradual addition of a 
mixture of M g of acetyl chloride and 50 g of phejietole to 100 g of tiln- 
minum chloride covered with a layer of boiling carbon disulfide. 11c 
attributed the high yield to the presence of an excess of aluminum 
chloride. 

Klages **^ used petroleum ether as the solvent and kept the tempera- 
ture at less than 5°. He secured 23 g of propionylphenetole from 25 g of 
phenetole. Klages also used petroleum ether as solvent in the prepara- 
tion of butyrylphenetole (b.p. 173-174°) from phenetole and butyryl 
chloride. From isobutyryl chloride and phenetole with aluminum chlo- 
ride and carbon disulfide, Gattermann and co-workers *** reported the 
preparation of isobutyrylphcnetole, m.p. 41°. 

Using Klages’ method for the preparation of p-propionylphenctolc, 
Johnson and Hodge *** reported that they secured excellent yields. 

Chloroacetyl chloride was reacted with phenetole by Kunckell and 
JohannBsen.*“ They used 15 g of phenetole, 20 g of chloroacetyl chlo- 
ride, and 45 g of aluminum chloride with carbon disulfide as diluent. 
The product obtained was a diketone, a bis- (chloroacetyl) phenetole, 
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The formation of a diketonc here may perhaps be explained by the slight 
PXfiftn of the chloride used as well as the large amount of catalyst. 

With dichloroacetyl chloride the same workers obtained the mono- 
ketone, dichloroaoetylphenetole, m.p. 73“.®*® Using bromoacetyl chlo- 
ride, Kunckcll and Sebeven®** obtained p-( bromoacetyl) pbenetole (m.p. 
59-60°) or the diketone, a bis (bromoacetyl) phenetole (m.p. 77°) depend- 
ing on the amount of the chloride used. 

Phenetole and oxalyl chloride yield 4,4'-dietlioxybenzil in the pres- 
encp of aluminum chloride.®*® The reaction takes place readily, the yield 
of the diketone being almost quantitative. 

With the chloride of glutaric acid, COCI.CH 2 .CH 2 .CH 2 COCI, and 
phenetole Plant and Tomlinson ®*® obtained disubstitution. They used 
aluminum chloride in carbon disulfide and obtained 1,3-diphenetoylpro- 
panc, m.p. 133°. 

Gattermann and co-workers ®** report the preparation of benzoyl- 
phenctole (m.p. 38-39°) from equivalent amounts of benzoyl chloride and 
phenetole. From o-bromobenzoyl chloride and phenetole, ethoxy-o'- 
broinohcnzophenone, meUing at 79°, has been prepared.®*® With cinna- 
mciyl chloride, cinnamoyl phenetole, CoH 5 CH:CH.CO.CbH 40 C 2 Hg (m.p. 
74-75°) is obtained.®*® 

Phenetole has been condensed with phcnoxyacetyl chloride with the 
|)i'oduction of phenetyl phenoxymethyl ketone (m.p. 102°) according to 
the reaction ®*®; 

ocaU( ocmi 


C.H. . O . (lU. . COCl + 


-f- HCl 


CO . Cili . o . CiHi 


Phthaloyl chloride and phenetole react in the presence of aluminum 
chloride to give diphcnetyl phthalide.®*® 

The reaction of phenyl jiropyl ether with benzoyl chloride to give 
p-propoxybenzophenonc (m.p. 65-06°) has been reported.®*® Phenyl iso- 
hutyl ether and propionyl chloride have been reacted. 100 g of aluminum 
chloride was cooled and to it was added a solution of 70 g of propionyl 
chloride in 150 g of petroleum ether. This was then slowly treated with 
jihcnyl isobutyl ether. The product, l-propionyl-4-isobutoxybenzene, 
melted at 52°, and boiled at 172-174°/14 mm.®®® 
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Bthm of Alkyl PkeaoU and Acyl Cklorides 

Variously substituted ethers have been reacted with acyl chlorides in 
tite presence of anhydroub aluminum chloride. Whereas with unsubsti- 
tuted ethers the entering aryl group generally goes para* to the ether 
linkage, the orientation of the entering group in the acylation of substi- 
tuted ethers is influenced by the nature of the alkyl substituent. 

Thus in the reaction of p-alkyl-substituted ethers with acyl chloride, 
the entering group goes o- to the ether linkage: 


cok" 


+ R"COn 

H 


All'll. 



+ IK’I 


With o-alkyl-Bubstituted ethers and acj'I chloride the entering group gori 
p- to the ether linkage: 

f-OH" 

I 

t K"CO(’l 4 HCI 


OR' 


on' 


With mcta-alkyl substituted ethers substitution is ortho- to tlic ether 
linkage: 

con" 


''✓Oil' ^ICIi 


Y 


oil' 


Betteridge reacted various acid chlorides with the methyl and ethyl 
ethers of p-cresol in carbon disulfide solution in order to obtain the corre- 
sponding acylated ethers. Upon further treatment of these ketonic ethers 
with aluminum chloride, arcording to the method of Hartmann and 
Gattennann,°‘^ he secured the phenolic ketones: 


CH) 


con' 


li'roci 

AlCIi 



All'll. 


CHi 


roil' 



In this way Betteridge prepared what he reported to be o-acetyl-p-cresol 
(m.p. 60°) and o-propionyl-p-cresol, m.p. 2°. 

Hill and Graf found that when petroleum ether, instead of carbon 
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(liHulfide, was UBed afi the diluting iiiodium in the Friedel-Crafts reaotkmi 
the demethylation or de-ethylation took place during the reaction. They 
slowly added 26 rc of aretyl chlorido to a solution of 30 g of the methyl 
ether of p-cresol in 200 rc of dry potrolcnuii ether, using 25 g of aluminum 
chloride. The mixture was healed for thirty hours on a steam-bath. 
After removal of solvent, decomposition of complex catalyst, and extrac- 
tion with ether, 16 g of the hydroxy ketone were yielded by the frac- 
tion b. 237-247^. The melting point of the product was 49° and it 
was j)roved to be 2-hydroxy-5-methylacetophenone. The melting point 
given by Betteridge for his o-acetyl-p-cresol was 50°. Auwers also pre- 
j)arcd o-acetyl-p-cresol (m.p. 50°) from p-cresol methyl ether and acetyl 
chloride.®*** In a similar way, using propionyl chloride, Hill and Graf 
prepared 2-hydroxy-6-niethylpropiophenone, b 4 o 153°, m.p. 2°. The 
physical properties of this compound were found to agree with the o-pro- 
pionyl-p-cresol prepared by Betteridge. The compound had also been 
prepared, according to the method of Betteridge, by von Auwers,®®® who 
reported the b.p. to be 123°/11 mm and 129-130°/16.5 mm. von Auwers ®®® 
also reports the preparation of 3-mcthyl-6-hydroxypropiophenone, b.p, 
135-]40°/22 mm, m.p. —2°. 

Using Bettcridge’s method, von Auwers ®®® also prepared the following 
hydroxy- ketones from p-tolyl ethyl ether and the corresponding acid 
chlorides: 


3-mctliyl-6-hydroxy-n-butyrophenone, CHa.OH.CuHs.CO.CBHT, 
m.p. 37°. Its ethyl ether has a b.p. of 205°/10 mm. 
3-methyl-6-hydroxybenzophenone, CHa.OH.CoHa.CO.CBHft, m.p. 
84°. Its ethyl ether melts at 68°. 

Reacting 1 mole of p-cresol methyl ether with 3 moles of acetyl chlo- 
ride, von Auwers secured o.o-diacetyl-p-cresol, m.p. 82-83°. Using 
chloroacetyl chloride instead of acetyl chloride with twice the molecular 
proportion of aluminum chloride, he secured o- (chloroacetyl) -p-cresol, 
m.p. 63°. 

Condensation* of anisoyl chloride with /^-cresol methyl ether and alu- 
minum chloride in carbon disulfide gives 2,4'-dimethoxy-5-methylbenzo- 
phenone (m.p. 69-70°) together with its methoxy- cleavage product, 
2-hydroxy-4'-methoxy-5-methylbenzophrnone. Here again is illustrated 
the easy saponification of the methoxy- group ortho- to the carbonyl.®®® 

By means of the Friedel-Crafts reaction, phenol ethers whose p-posi- 
tion is protected by a substituent can be condensed to chalcone ethers 
by using cinnamoyl chloride. Thus, Simonis and Lear secured, with 
p-tolyl metliyl ether and cinnamoyl chloride, the compound 5-methyl-2- 
methoxychalcone, m.p. 65-66°. 


Auwwi, M. T^eehner, ind H. Bimdosmann, Ber., SI. 3®-Sl (1925). 
r!«S* Auw«a. Ber., 47, 8S1D <1914); Ber., H, W-51 (1925). 

V. Auwen, Btr,, Ji, 5890-3892 (1908); C/»Bm. 8oc. Ah»., U (I), 00 (1004). 
mu Auwwi, Ann,, 104-167 (1900). 

K. V. Auwwi lod £. Reiti, Ber., 40, 2514-5521 (190/1. 

Simonb and a Lear, Ber., 99. 8908-2919 (1996); C. A., 21, 1255. 
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The foregoing reaction takes place if only 1 mole of aluminum chloride 
in carbon disulfide is used with molecular proportions of the other and 
the chloride. If, however, 2 moles of aluminum chloride are used, 
demctliylation of the methoxy- group occurs and the hydroxychalcono, 



(m.p. 111°) is secured in 40 per cent yield. The same product can also bo 
secured by heating with aluminum rhloride the methoxychalconc secured 
by using only 1 mole of the catalyst. Here the methoxy- group splits off, 
according to Hartmann and Gattermann.’’’’^ The success of the reaction 
involving the one-step production of the hydroxychalcone depends on 
adding the aluminum chloride very slowly to the ether and chloride in 
carbon disuMde and slowly raising the temperature until the reaction has 
reached an end at about 50°. 

An acid chloride containing a triple bond, phcnylpropiolic acid chlo- 
ride, was also condensed with p-crcsol methyl ether by Simonis and 
Lear.’*"* Under strong cooling and using molecular proportions of the 
reactants and catalyst, the normal product, 5-methyl-2-methoxyphenyl- 

0 

propiolophenone, CHa (CHgO) CgHs-C.C ! C.CoHs (m.p. 62°) was obtained. 
However, when two molecular proportions of aluminum chloride were 
used, and the reaction temperature was allowed to climb from —4° to 
room temperature, an unexpected product, 5-methyl-2-hydroxy-j8-chloro- 
chalcone, (CHa) (OH).CbHs.CO.CH:CC 1.C0H3 (m.p. 95.5° was obtained 
in 60 per cent yield. Here the excess of aluminum chloride had caused 
addition of hydrogen chloride to the triple bond as well as hydrolysis of 
the methoxy- group. 

o-Cresol methyl ether has been condensed with acyl halides of more 
than four carbon atoms for the preparation of higher alkylated o-cresols 
by reduction of the primarily formed ketones.®*® The preparation of 
4-methoxy-3-methyl-n-valorophenone (b.p. 161-155°/5 mm) has been 
described. 

CO . CgH* 


+ C4Hrf30Cl + HCl 

''CH* 'CHi 

6ch> ochi 

•■U B. P. l,no,ta (IfH) to W. Q. CbrlftlMun mU W. B. Jmm (to E. R. Squibb S Bon*). 
Bra. Chtm. Abt.-B, STi (lOM). 
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ClemmeDsen reduction and demethylation of the phenone is said to result 
in the formation of 5-n-amyl-o-cresol. 

Koenigs and Carl gradually treated a mixture of 5 g of o-cresol 
methyl ether and 5.5 g of benzoyl chloride in 25 cc of carbon disulfide 
with 10 g of aluminum chloride and secured a 75 per cent yield of the 
methyl etlier of o-cresyl phenyl ketone, 

( 1 ) 

I melting at BO**. 

)CUm ( 2 ) 


m-Cresol methyl ether has been reacted with phthaloyl chloride by 
Weiss and Knapp in the presence of aluminum chloride and carbon 
disulfide. Condensation occurred ortho- to the methoxyl group, giving 
3',3"-dimethoxydi-p-tolylphthalidc. Using m-methoxybenzoic acid or its 
methyl ester instead of m-cresol methyl ether, they obtained 4'-methoxy- 
bcnzophenone-2,2'-dicarboxylic acid dilactone, m.p. 183°. 

When von Auwers gently heated an equimolecular mixture of the 
methyl ether of si/m-mcta-xylenol with acetyl chloride diluted with car- 
bon disulfide and treated it with aluminum chloride, he obtained the 
methyl ether of o-acetyl-sym-m-xylenol, b.p. 135°/14 mm and m.p. 48- 
49°. However, using larger amounts of aluminum chloride, and heating 
the reaction mixture for an hour on a water-bath, he secured o-acetyl- 
^' 2 /m-m-xylcnol, b.p. 140-141°/18 mm and m.p. 57-M°. In both cases the 
carbonyl group is attached at the ortho- position to the hydroxyl of the 
original phenol. If the hydroxyl group of the xylenol is acetylated before 
the Friedel-Crafts reaction, the ketonic group attaches itself again in 
the same position, the para- isomeride being absent from the product. 
The exclusive formation of the o-isomeride is still more remarkable in the 
fact that if a second acetyl radical attaches itself to the ring during the 
Friedel-Crafts condensation, it enters at the remaining ortho- position. 
Thus, o,o-diacetyl-fi]/m-m-xylenol (m.p. 109-110°) is obtained. 

The orienting influence of the nieia- methyl groups is stronger than 
that of the metho?^- group. Thus when 2,4-xylenol methyl ether and 
benzoyl chloride in carbon disulfide arc gradually added to aluminum 
chloride also in carbon disulfide, there is obtained a 60 per cent yield of 
3-methoxy-4,6-dimcthylbenzophcnone (b.p. 199-200°/12-13 mm) and 
about an 8 per cent yield of the 3-hydroxy- derivative, m.p. 140-141°.**®* 

Realizing that this preparation of the ineta- derivative might make 
possible the easy preparation of certain m-hydroxy- ketones which are 
otherwise difficult to secure, von Auvrers and Mauss wished to see if 
other phenol ethers of a definite structure would react in the same way. 
1 sing acetyl chloride instead of benzoyl chloride, they repeated the above 


wT W. Carl. Ser.. 24, 8W9-8MI0 (1891). . 

22, m “*** ^PP. Monat»h./», 10-15 (1928); Brit. Chem. 1928. 1007; 

41. 90-98 (1018); /. Chem. Sor. Abt., 108 (I), a-. 

22 HanMen, and A. WachtorowiU, /• 119, 315-887 (1928). 

loD M«iienhohDor and R. HafuM, DuMiiotimi, Tubinscu, 1920. 

K. V. Auwoiti and W. Maun, B«r., 81, 1496-1507 (1W8). 
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worli; and obtained 6-aoetyl-2,4'’Xylenol as the chief product, an isomer 
of this compound, and a methyl ether of the isomer. Th^ Aowed that 
the isomer was 6-aoetyl-2,4-xylenol and that its ether could easily hr 
hydrolysed to the phenol. The m-hydi-oxy- ketone was therefore pro- 
duced also in this case. The same results were obtained using chloro- 
acetyl chloride instead of acetyl chloride, and 2-ethyl-4-methylphenol 
instead of 2,4-xylenoI. With mesityl methyl ether they obtained 
m-acetylmesitol, m p. 81-82°. The symmetrically tri-substituted phenols, 
therefore, constitute another group of phenols which can give meta- 
derivatives. 

The results obtained by von Auwers and Mauss show that alkyls tend 
to direct an entering acyl group more to the p- than the o-position to 
themselves. However, it is seen that the Friedel-Crafts reaction with 
poly-alkylated phenol ethers may proceed in quite different ways; tlic 
structure of the resulting products must l>c determined in each case. 

In another study, von Auwers '**’* reacted alkylated phenol ethers with 
higher acyl halides in order to investigate conditions necessary for effect- 
ing ring closure. By the action of crotonyl chloride on p-cresol methyl 
ether, the methyl ether of o-propenyl p-cresyl ketone was formed. Under 
the influence of additional aluminum chloride, a rearrangement took place 
with formation of 3,4-dimethyl-7-hydroxyhydrmdone: 






OCHi 


+ CH.CH : CHCOCl 


A\i h ^ : CfIClIj 


CHi . CFl-CHi 


CHr 

AlClg 


CO 

OH 


From p-creflol methyl ether and )8,/3-dimethylacrylyl chloride and 
aluminum chloride o-isobutenyl p-cresyl ketone was prepared. This was 
converted to 2;2,6-trimethy]chromanone by heating with alkali: 


X/^OCHi 


+ (CH.).C : CHOOCI 


AICU^ 


CHi^/SyCOCH : C(ClU)i 


alkali ^ 


CHi 


^yNyCO-CHi 


^-Chlorobutyryl chloride with p-crcsol methyl ether and aluminum 
chloride similarly gives o-(/8-chlorobutyryl) -p-cresol, which with alkali 
yields 2,6-dimethylchromanone. 


CHiv/ \ 

'J- 


CH.CiiaCH.COCl 


\IC 1 « 


<X3H. 


U>K. V. Auwen, Ann. 431» 1-119 (1990); C 1990^ 1U» 094-111. 
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With «-bromoisobutyryl bromide and aym-m-icylenol methyl ether, ring 
closure is effected during the Friedel-Crafts reaction: 


CH* 


CH. 



■h (CHi),CBrCOBr 


Airii 


OCHi 


CHi 


O COCBrCCH*)* I 
OCHj / 


rn. 


cn 



COv 


Bromine in the ring does not influence the course of the reaction, for 
p~hTomo~3y7n~v}~\y\cuol methyl ether with a-bromoisobutyryl bromide 
under like condition® gives 1 j,3,5-tetramethyl-4-bromocoumaranone. 

In the condensation of sym-m-xylonol methyl ether with crotonyl 
chloride in the presence of aluminum chloride, the unsaturated crotonyl 
xylenol is not formed. Instead, ring closure occurs, with production of 
2,5,7-trimethylchronmnone (b.p. 164-170°/21 mm), the methoxy- group 
undergoing cleavage during the reaction: 


Clli 



COCl 


Aim 


CHi 
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In the eame way, 2,2,l),7-tetramcthyl chromanone is formed from /S,j8-di- 
iiiethylaerylic acid chloride an'd si/m-m-xylciinl meiliyl other (soc pace 
313). 

Reaction of *yrn->n-xylcuol methyl other with iaobutyryl chloride, on 
the other hand, results only in the formation of hydroxy- ketones 
p-Bromoxylenol methyl ether and butyryl chloride yield a ketone also 

Similar condensations of os^/m-o-xylcnol have been studied by von 
Auwers and Risse."®^ 

By careful addition of aluminum chloride to thymol mothvl ether in 
cold acetyl chloride, Kuroda and Nakamura ®®® secured 4-mctlioxy-2- 
methyI-5-isopropyl acetophenone (b.p. 236°, 157-158°/18 mm) in a theo- 
retical yield, according to the following equation: 

COCHi 

X on (^1 + c’W'f’ori — ► 

(rHa)arn“N^v' 

ocH» ocn^ 



Here p-substitution to the methoxy- group is secured Verlcy per- 
formed the same reaction at 0° and in a vacuum and also secured an 
almost theoretical yield of acetothymyl methyl ether, bp. 155°/22 mm 
In a study of the action of oxalyl chloride nith plienol ethers it was 
found that whereas o-tolyl methyl ether yields a dikctonc througli 
Friedel-Crafts replacement of both chlorines, m- and p-tolyl methyl 
ethers yield only the corresponding acidb, being converted into 3- and 
5-methylsalicylic acids, respectively. 


Halogenated Phenol Ethers and Acyl Chlorides 

The influence of a chloro-substituent on the reaction of anisole witli 
aroyl chlorides has been studied.®^^ With aluminum chloride as cataly‘^t 
and s]/m-tetrachloroethane as solvent at temperatures of 120-130°, the 
following results are obtained with tlie indicated innnochloio- derivatives 
of anisole; 


Ether 

Chloride 

Product Obtained 

III p 


0- 

bensoyl 

3-ch]oro4-hydroxybenzophrii ou o 

iso-i8r 

48 3 



3-chlor o-4-nie thoxy ben z ophen oil r 


42 

P- 

benzoyl 

5- chi oro-2-hy droxybenz oph cnon v 

9r>-95 ■i" 

00 Ti 



p-chlorophenyl benzoate 


22 

0- 

o-toluy] 

3-chloro-4-hydroxvj>henyl o-lolvl ketnnr 

128-129° 

25 



3-chIon>-4-methoxy phenyl n-tolyl ketone 

100-106 5° 

58 

P- 

o-toluyl 

5-chIoro-2-hydroxyphenyl o-tolvl ketone 

67 5-68° 

49 7 

0- 

m-toluyl 

3-ch]oro-4-hydroxyphenv] rn-tolvl ketonc' 

145-146° 

14 7 



3-chloro-4-niethoxypbenyl w*-tolvl kf‘lone 

105-105 5° 

81 


m-toluyl 

6-rhloro-2-hydroX3rphenyI m-to!yl ketone 

106-1065° 

63 


K. V Aiiwen wad E Rme, J?0r., 64, 2216-2222 (1931); rf IT SimfmiB niirl C lipnr Brr , 59, 
2908-2913 (1920) H Simonu and S. DanwohrwBki. Bft , 59, 2914-2919 (1926) ^ 

"•C Kuntda find T. Nnkfimiini, PavEta Inat. Phya Chem Pea 7 >A*/ri 18, 61-76 fl9w) 
Bni Chen Aba -A, 888 (1082). 

>»»A. Verley, BiOl. aoe, ehtm (3}, 19, 187-40 (1898); / Chfm. Ror Aba, 76 (T). 484 
mP 0 MitUr ud H. MukherW, / /nWion Chrm Ror. 16, 893-5 (1980) 0 4 , 34, 2858 

o^M. Hnvftfihi. / mkt, Chem, m), 123, 289-812 (1920); Bnt Chem Aha 89 (1930) 
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It will be noted that in the case of the reaction of the p-ohloroanisole 
with 0- and m-toluyl chloride, as well as with benzoyl chloride, methoxy- 
cleavage occurred. In no case was the ether halogen affected. 

An interesting reaction is that of p-chloroanisole with a-bromoiso- 
butyryl bromide and aluminum chloride in carbon disulfide, with for- 
mation of 4-chloro-2(a-hydroxyisobutyryl) phenol. Here not only is 
there demethylation of the alkoxy- group, but also hydrolysis of the 
a-bromine. The condensation of o-bromoanisole with phthaloyl chloride 
and aluminum chloride leads to the formation of dibromophenolphthalein 
dimethyl ether.®*^® 

It has recently been found that aryloxy alkyl ethers of the type 
R O.CIL 2 CH 2 CI and R.O.CH 2 CH 2 .O.CH 2 CH 2 CI, where R is any aryl 
nucleus, condense witli acyl halides in the presence of anhydrous alumi- 
jium chloride to yield the corresponding acyl derivative without affecting 
the terminal halogen. Thus by adding a solution of 67 g of j0-phenoxy- 
/^'-chlorodiethyl ether and 16.5 g of acetyl chloride to 50 g of aluminum 
chloride and 200 cc of carbon disulfide, jCl-acetylphcnoxy-jS'-chlorodiethyl 
ether (b.p. 210-225°/10 mm) is obtained. The acetyl chloride can be 
replaced by other acid chlorides, such as lauroyl chloride, sicaroyl chlo- 
ride, or caproyl chloride. 

Ethers of Polyhydroxy Phenols and Acyl Halides 

Friedel-Crafts reaction with ethers of polyhydroxy- phenols and acyl 
halides proceeds smoothly in the presence of aluminum chloride, the only 
complication being the somewhat easy cleavage of the inethoxy- group 
ortho- to the acyl group, under influence of the catalyst. 

With o-dimethoxy benzene, substitution of the acyl grouj) is para- 
metoj the reaction being: 


COR 



OCIli OCHi 


Here, except under prolonged heating or use of excess catalyst, dcmethyl- 
ation docs not occur. 

w-Dialkoxy- benzenes give ortho-para substitution i)niducts; with 
resorcinol ethers the reaction is; 


COR' 



OR on 


ttuum, and H. Lorens, J VTtiht Chem., 115 (2). Hl-106 (1927); Bnt. Uhem. 


r 7 »i, (Jtue„ 27. (2), 97-70 (1807); /. Cht^m Soe. Abe., 1897, !, 023 

J. w. Jjlantes, J. Am. r/iem. Soc 2502-2505 (1838); U. S. P. 2,182,975 

BritiiUi P. 509,801 (1888) to 
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COR 



OCHt OTHa 

l\Yrof(aHol 
trimethyl ether 

Since the entering acyl group always orrupics a position ortho- to one 
i)f the mothoxy- groups, dcmethylation often results. 

Veratrole 

The condensation of veratrole with acetyl chloride has been reported 
by various investigators to proceed with production of 3,4-diniethoxy- 
acetophenone, 

rOCHa 


OCIla 



A theoretical yield of the ketone has been obtained by dissolving vera- 
trole in an excess of acetyl chloride, and then gradually adding, with 
stirring, a molecular equivalent of aluminum chloride.*'’^’* 

With chloroacetyl chlorirlc, the expected •i»-chloro-3,4-diiTicthoxyaceto- 
phenone is formed,^^^ together with a small amount of a demethylated 
product.®'^® It has been found that the type of solvent used regulated 
the kind of product obtained.®^® With carbon disulfide and with petro- 
leum ether a mixture of the methylated and the free hydroxy- compound 
was produced. Using nitrobenzene, and heating the reaction mixture for 
right hours at 40°, the yield of the hydnixy- eom])ound, w-chloro-3,4-di- 
hydroxyacetophenone (m.p. 173°) was increased to 82 per cent of the 
veratrole used. This cleavage of both meta- and pnra-methoxy- groups 
is unusual. 

Other condensations of veratrole with aliphatic acyl halides and alu- 
minum chloride which have been reported include those with propionyl 
chloride,®**** a-bromopropionyl bromide,®*** myristyl chloride, pentadecyl 
chloride, and palmitoyl chloride.®**® Using petroleum ether as solvent, 
^ practically theoretical yield of myristylveratrole has been secured.®*® 


rmid., 149, aiO -212 (1909); *•«;?!** CIB09); J. Chem, 


(t)i Bn (IBM). C. Monnirh. Arrhw dn phamiatir, M, 187 0910). 

Bn. ri M.tnukuma, Paperi hut, Phyi. Chrm. Rii. Tokyo, M, 11-W (IHI); 
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Oxalyl chloride with veratrole has been reported to give 2,3,2',3'-tetra- 
inethoxybenBophciione together with a small amount of veratril The 
formation of the bensophenono is doubtless due to intermediate decom- 
position of the acid chloride by aluminum chloride. Veratril is the dike- 
tone which would be expected from the reaction. In subsequent work 
on the reaction, however, the only product was reported to be protn- 
catechuic acid; here, the oxalyl chloride served to introduce a carboxy- 
group into the ring, under simultaneous cleavage of the alkoxy- groups 

COOH 


(COCl)i 4- AlCIa 


''OCHa 


^on 


OCHi 


on 


The condensation of veratrole with dicthylinalonyl chloride in caibon 
disulfide in the presence of aluminum chloride was studied by Freund ami 
Fleischer®*® who obtained the four indandiones; 5,6-dimDthoxy-2,2-di- 
cthylindan-l,3-dione, m.p. 149-151°, 


(’11*0 


rnio 


c=o 



CO 


and the corresponding mono- and di-hydroxy- compounds: 


"n 

c_o 

1 

(5-liytlroxy-0-methoxy- 

1 1 

1 LCalli 

2,2-dicthyhudan-l ,3-dione, 


CO 

m. p. 106-108“) 

’"’f) 

r-fo 

(6,6-dihvdroxy-2,2 

1 J 

1 Lc.n, 

ro 

dieth> lindan-l,3-<linnp, 

no\y/ 

m. p, 216-218“) 


There was also formed the isomer, 4,5-dihydroxy-2,2-dicthylindan-],3- 
dione, m.p. 116-118°: 


on 



Stmirtinm R Srhlwikpr, nml If Go1tlit«iii. ffrlv. c/um oefa. 4 , 834-342 C, A U, 

MS. 

P, C Mittin- pnri H MuMipijop, J /niJian Ohm. Sor., 14, 383-8 (1388); 0. A.. 34i 2888. 
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Benzoyl chloride with vcratrole and aluminum chloride yields 3,4-di- 
methoxybenzophenone.'’^ A like reaction takes place with o-bromo- 
benzoyl chloride.®** 

Various methoxy-substituted aroyl chlorides have been condensed with 
vcratrole. Anisole chloride yields 3,4,4'-trimethoxybcnzophenone ®**: 


OCH« 


CHiO-<^^ ^)>-CO-«y ^^>-OCHi 


With 3,5-dimelhoxybenzoyl chloride, the expected 3,4,3',5'-tctramcthoxy- 
benzophenone (m.p. 114-115“) is obtained.®*® 

Vcratroyl chloride gives 3,4,3',4'-tctraraethoxybenzophenone, m.p. 
144.5-145“.®*! 

Condensation is also normal with 3-ethoxy-4-methoxybenzoyl chlo- 
ride, the product being 3,4,4'-trimethoxy-3'-cthoxybenzophenonc ®*®: 


CllaO 


> ro-< 


OCUi 


/“OCJIa 


OCaHi 


With the chloride of 2,4 ,6-trimethoxyphenyl acetic acid, there is formed 
also the expected product 


CllaO 


OCHa 

u 


OCHa 




OCJIj 


OCHa 


Zwaycr and Kostaneeki rcjiori the preparation of 3',4'-tliinetlioxy- 
2-l)enzoyIcouniarone, . 


a 




oriit 

-k 


UC118 


(m.p. 90-9P) from couinarylyl chloride and vcratrole in the presence of 
aluminum chloride. 


39 vrakt. Cheni, (i), 53, 253 (1896): B. KBniB and St. v. Kostanccki, Ber.. 

vw V (1906). 

nnd K. Rlrurk. Her., 52, 1740-1766 (1919). 
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RtMrdiiel Bthen 

Although normal aoylaUon of resorcinol ethers takes the course, 

COB' 



variation of reaction conditions may effect introduction of two acyl 
groups, a cleavage of the ortAo-methoxy- group, or both. 

It has been reported that if the ether and acetyl chloride are dissolved 
in carbon disulfide, 2,4-dimethoxyacetophenone (in.p. 40°) is ubtainerl.'’"' 

If no solvent is used, and the ether in acetyl chloride is grarhially 
treated with an equivalent amount of aluminum chloride, a 70 per cent 
yield of 2,4-dimethox}'acetophenone, together with a compound (m.]i 
146°) is obtained.”** 

The use of two mol(‘s each of acetyl chloride and aluminum chloride 
with one mole of the etlier gives the luonomethyl ether of diacetylresor- 
einol (I) (m.p. 121°), soluble in alkali, together with the dimethyl ether 
of diaeetylresorcinol (II) I m.p. 171-172°) insoluble in alkali 

CHiO-/ pUH chiOyCVochi 

ClliCCeJ ^-roCHi ClliCO-\^^/^OCHi 


Resorcinol diethyl ether and acetyl chloride in the presence of eitrbon 
disuifide and aluminum chloride were reacted by Gattennann and cn- 
workers,*** who obtained a diethoxyacetophenonc (m.p. 67-68' ) of the 
following structure: 


filljtr- 


'\^^/*-COCHi 


Tliey also obtained the corresponding compound, l,4-diethoxypropiu|)lic- 
none (m.p. 133°) from propionyl chloride and the ether. 

The acetylation of the diethyl ether was reported by Claus ntid 
Huth,*** however, to result in the fonuation of a dihydroxyacetophciioiic, 
m.p. 178°. According to a number of authorities, the melting point of 
resacetophenone has been reported to be 141-147° ; that of 2 -Bcetohydro- 
quinone, 202°; and that of 4-acetopyrocatechol, 116°. The composituiu 
and molecular weight of the compound obtained by Claus and Huth wu" 
re]K)rted to be identical witli that of resacetophenone, and it was sug- 
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gesbed tiiat the new oompound was an isomeric resaoetopbenone. Eijkman 
and co-workers"**’ showed that the oompound prepared by Claus and 
Huth was identical with 2,4-dihydroxy-l^diacetyll^Eene, m.p. 183° 
Since cleavage of both alkyl groups in acetylation of resorcinol ethers 
is unusual, the problem was reattacked by Mautbner.^*'* The work 
of Gattermann and co-workers was confirmed, i.e., the production of 
asymmetric monoacetodiethyl ether of resorcinol from molecular amounts 
of acetyl chloride, aluminum chloride, and diethyl ether of resorcinol. 
With two moles each of acetyl chloride and aluminum chloride, however, 
there was formed only the monoethyl ether of diacetoresorcinol (m.p. 
109°) of the structure: 

CHiCO-^ y^'OCHi 


The compound reported by Claus and Huth could not be obtained. 

In the reaction of chloroacctyl chloride with resorcinol dimethyl ether, 
Kunckcll'"** obtained what he reported to be a dimethoxy- compound, 
2,4-dimethoxy-ii)-chloroacctophcnone, m.p. 104°: 


OCHi 



C'OCIUCl 


However, Tutin reports that he obtained the same compound, but that 
it had a melting point of 96°. Using the same proportion of reactants, 
but applying heat in order to complete the reaction, von Auwers and 
Pohl®®* obtained a mono-ether, 2-hydroxy-4-methoxy-o»-chloroacetophe- 
nonc (m.p. 116°) in 86 per cent yield. Here one of the methoxy- groups 
had been hydrolyzed. Later, Tainbor and DuBois “*■* dissolved 40 g of 
aluminum chloride into the same amount of chloroacetyl chloride. To 
this, with ice-cooIing, he added 50 g of resorcinol dimethyl ether in 100 g 
of carbon disulfide. He allowed the entire mixture to stand for three days 
at the ordinary temperature with exclusion of air. The product that he 
obtained was reported to be the dimethoxy compound, u-chlororesaoeto- 
phenone dimethyl ether, m.p. 119°. The melting point of this compound 
is almost the same as that of the monoether obtained by von Auwers and 
Pohl. However, there was found to be a great depression of melting 
point when the two compounds were mixed. Tutin’s eo-called dimethoxy- 
compounds which melted at 96° must have been a mixture of the mono- 
and dimethyl ethers. 
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Ueing chlororesoromol dimethyl ether with chloroaoetyl chloride, 
von Auwera and Pohl obtained 2-hydroxy-4~methoxy>5-chloro*<i)- 
chloroacetophenone : 


COCUiCl 



OCHt 


(m.p. 178.5-180’’) in 66 per cent of theoretical yield. The presence of 
chlorine in the ring obviously did not influence tlie normal course of the 
reaction. 

With bromoacetyl bromide and resorcinol dimethyl ether there have 
likewise been reported results which are at variance. Blom and Tam- 
bor dissolved equal proportions of the ether and bromoacetyl bromide 
in carbon disulfide and treated tlic solution with a proportionate amount 
of aluminum chloride. The reaction mixture was subsequently gently 
heated on the water-bath for one to two hours. They reported that tlic 
compound thus obtained by them was a-broinoresacetophcnone dimethyl 
ether, m.p. 102”. 

von Auwers and Pohl repeated the preparation, but were unable to 
obtain this compound. They found the product to be mostly 8-bromo-2- 
hydroxy-4-methoxyacetophenone. A chloride also appeared to be formed 
during the reaction. Evidently a part of the bromine had been replaced 
by chlorine. Subsequently, von Auwers and Muller obtained a good 
yield of l-hydroxy-5-methoxy-2-(a-chloropropionyl) -phenol (m.p. 84- 
85°) by dissolving 15 g of the ether in the same volume of carbon disulfide, 
adding 15 g of aluminum chloride under ice-cooling, and then 23 g of 
a-brunopropionyl bromide, disolved in carbon disulfide, at room tem- 
perature. The mixture was heated on a water-bath until hydrogen chlo- 
ride ceased to be evolved. Here, too, the a-bromine was replaced by 
chlorine. 

A year later, Tambor and DuBois again studied the reaction of 
bromoacetyl bromide with resorcinol dimethyl ether. No heat was applied 
during the reaction, and the addition of the ether to the bromide wn‘< 
done with ice-cooling. This time, in order to avoid the presence of any 
chlorine during the reaction, aluminum bromide was used as catalyst 
Even under these careful conditions, no dimethoxy- compound vas 
obtained. The product was w-bromoresacetophenone monomethyl ethci. 


CIUi 
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It molted at 92°. Apparently it was not posable to obtain a-bromo- 
resaootuphenonc dimethyl ether in the pure state. 

Using 25 g of chloroacetyl chloride and 8 g of diethyl resorcinol ether 
with 40 g of aluminum chloride and 40 g of carbon disulfide, Kunckell **** 
obtained the diacylated compound, bis (chloroacetyl) resorcinol diethyl 
ether, m.p. 106°. 

Oxalyl chloride with resorcinol dimethyl ether and aluminum chloride 
gives 2,4,2',4'-tetramcthoxybenzophcnone.'’** 

Malonyl chloride was reacted with resorcinol dimethyl ether by Black, 
Shaw, and Walker.”^ During twenty minutes, 13.5 g of aluminum chlo- 
ride was added in small portions to a mixture of 7 g of the ether and 7 g 
of the malonyl chloride in 60 cc of dry nitrobenzene. This solvent was 
found to give better results than carbon disulfide. The temperature rose 
to about 40° and the reaction was completed by gradually warming the 
mixture to 70° during one hour with exclusion of moisture. There was 
obtained a 30 per cent yield of 7-hydroxy-5-methoxyindan-l,3-dione 
(m.p. 217°) : 



In the same way methylmalonyl chloride gave 7-hydroxy-5-methoxy- 
2-inethylindan-l,3-dione, m.p. 225-226°. With ethylmalonyl chloride 
there was obtained 7-hydroxy-5-metlioxy-2-ethylindan-l,3-dione. When 
n-propylmalonyl chloride was reacted with resorcinol dimethyl ether by 
the same general procedure, there was secured an 84 per cent yield of 
7-hydroxy-5-methoxy-2-n-propylindan-l,3-dione together with a small 
amount (about 5 per cent) of the dimethyl ated condensation product. 

Demethylation of one of the methoxy- groups occurred readily during 
the condensation of resorcinol dimethyl ether with the malonyl chloride; 
the other methoxy- group, however, was not affected even at raised tem- 
peratures or upon prolonged heating. Only the ortfco-methoxy- group 
was demethylated; the para- group could not be attacked. 

Krafft reacted 2 parts of palmitoyl chloride and 3 parts of resor- 
cinol dimethyl ether with 2 parts of aluminum chloride in the cold and 
in the absence of a diluent. He allowed the reaction mixture to stand 
for three to four days at a temperature slowly increasing from 40-100°. 
He obtained 2,4-dimethoxypalmitophenone, m.p. 63.5° and bju 289-200°. 

Using benzoyl chloride, Konig and Kostanecki obtained 2,4-di- 
methoxybenaophenone (m.p. 87-88°) from resorcinol methyl ether in the 
presence of aluminum chloride. Shriner and Damschroder reacted 
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R-bromo-jS-phenylpropionyl chloride with resorcinol dimethyl ether in 
the presence of carbon disulfide and aluminum chloride. The reaction 
mixture was heated for about twenty hours so that cleavage of the 
o-methoxy- group occurred; otherwise normal acylation took place 
Upon reacting phenoxyacetyl chloride with resorcinol dimethyl ethei 
and anhydrous aluminum chloride, normal substitution occurs, with the 
formation of 2,4-dimethoxyphenyl phenox 3 rmethyl ketone (mp. 1185'') 
according to the reaction 


OClIi 

I 

C.H..0 CH.COCI + 


With cinnamoyl chloride, Simonis and Danischewski report the 
preparation of 2,6-dimethoxychalcone from resorcinol dimethyl ether with 
aluminum chloride and carbon disulfide. 

OCHi 


CH , TtHi 



OClTi 



CO nil n (iiu 


It melted at 80°, and the yield was 78 per cent of theoretical. From 
resorcinol diethyl ether and cinnamoyl chloride, Simonih and Lear**^ 
similarly obtained the corresponding ethoxy- compound, reported as 2,6- 
diethoxychalcone (m.p. 90.5°) in 60 per cent yield. According to 
von Auwers and Risse,*** repetition of this work shows that the products 
are 2,4-dimethoxychalcone and 2,4-dieihoxychalcone. 

Bodani and co-workers’*' report that in the reaction of cinnamoyl 
chloride with l,3-diBlkoxybenEene8, the entering acyl group does not 
go ortho- to both alkoxy- groups. He secured dialkyl ethers of rcsor- 
cinol substituted in the 4-pOBition. This corresponds to other acylations 
of resorcinol ethers, in which o-, p-substitution is obtained. 

Simonis and Danischewski stated that when phenylpropiolic 
add chloride is used, the entering acyl group goes ortho- to both substitu- 
ents. Demethylation of the condensate resulting from resorcinol dimeth^ I 
ether and phenylpropiolic acid in the presence of aluminum chloriili 
(effected by addition of another mole of the catalyst) was said to resuli 
in formation of 6-methoxy-2-hydroxy-j9-chlorochalcone, 
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OCHi 

I 

CCl . CiHi 

melting at 96“. The yield was 42 per cent. Here the further use of 
aluminum chloride not only resulted in demethylation, but also in the 
introduction of the HCl present into the triple bonds of the propiolic 
radical. However, in repeating this work, von Auwers and Risse were 
unable to obtain a chlorine-containing compound as the product of the 
reaction of phenylpropiolic acid with resorcinol methyl ether. Instead, 
they secured a substance melting at 135-136“, which was not identified. 

Perkin and Weizmann condensed piperonyl chloride and resor- 
cinol dimethyl ether in carbon disulfide in the presence of aluminum 
chloride. They heated the reaction mixture on a water-bath for five 
hours and obtained the corresponding dimethoxy- ketone (m.p. 141-142°) 
to which they gave the structure: 



The position of the methoxy- groups as shown here indicates a veratrole, 
rather tlian a resorcinol derivative. 

Veratroyl chloride and resorcinol dimethyl ether in carbon disulfide 
with aluminum chloride give 2,4,3',4'-tetramethoxybenzophenone, m.p. 

107 " 



UCHi 


Here the entering group takes the normal course of o, p- entry. In the 
same way, 3,5-dimethoxybenzoyl chloride reacts with resorcinol dimethyl 
ether in the presence of al uminum chloride and carbon disulfide to yield 
2,4,3',5'-tetrainethoxybenzene, m.p. 73-74° 


cu>o 



CHaO OCHt 


Chaulmoo^l chloride and the dimethyl etlier of resorcinol were 
reacted by Hinegardner and Johnson.^^ If the ether and chloride were 

'^r., MNl C. Witianuin, /. C/imt. Soe.. H, 164t-ll« (IMM). 

"••.S' KtiDtMUwkl, Brr.. 3*, M37 -41)11 (IMMl. 

*'■ H.. T uu **** 

W. B. Btauaudav wd T. B. JobnaoD, /. dai. Chmn. Sob.. U, IMI-UM (im). 



326 


ANHYDROUS ALUMINUM CHLORIDE 


dissolved in carbon disulfide and slowly added to aluminum chloride in 
carbon disulfide, two products were obtained, l-chBulmoogryl-2-hydroxy- 
l-methoxybensene (m.p. 65°) (I), and l-chaulmoogi7l-2,4-dimethoxy- 
benaene, m.p. 46**. 


CH=Ctt 
CHi -CHi’ 


OH 

CH(CHj)iiCOs/\ 

'V^OCHi 


(I) 


When the aluminum chloride was added to the solution of the ether and 
acid chloride, and the reaction temperature was kept at 30-35°, only tlic 
dimethoxy- compound, in 40 per cent yield, was obtained. An attempt 
to remove both methyl groups from the resorcinol was unsuccessful. The 
methyl group para- to the entering acyl group could not be removed with- 
out decomposing the compound. 

Resorcinol dimethyl ether with diphenic acid chloride reacts in the 
presence of aluminum chloride to give, among other products, some 2,2'- 
bis (2",4''-dimethoxybem!oyl) biphenyl.®*^ 


coci coci 



<5 ^ 


Hydroquinone Ethers 

In acylation of hydroquinone ethers, the entering group necessarily 
goes ortho- and meta- to the alko^y- groups. Here both ether groups 
may be hydrolyzed. Extreme care and low temperatures must be used 
in order to insure the production of a dislkoxy- ketone . 


COR' 



Hydroquinone dimethyl ether was acetylated by Klages*®® and hy 
Kauffmann and Bcisswanger,®®® who secured 2 , 5 -dimethoxyacetophC' 
none. To a mixture of 40 g of aluminum chloride and 40 g of acetyl 
chloride cooled to —5°, Klages slowly added a solution of 40 g 
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liyHroquinone dimethyl efJicr in 120 g of carbon disulfide. The reaction 
niixturo was allowed to roinain at room temperaliirc for four hours 
and then deeoiuposcd with ice and dilute UCI. The 2^-dimethoxy- 
acetophenone was found to be a thick oil, b.p. 156-158° at 15 mm. 
Kauffmann and Beisswenger used substantially the same procedure 
except that instead of cooling the mixture of acid chloride and cata- 
lyst they wanned it slightly. For this reason they allowed the reaction 
mixture to stand for only two hours, instead of for four hours as Klages 
had done. The yield obtained by them was 46 per cent of theoretical. 
Their product boiled at 156-158° at 14 mm, and was found to solidify to 
large crystals upon standing, melting at 20-22°. As by-product they also 
obtained a small amount of the demetbylated product, 2-hydroxy-5- 
methoxyacetophenone. 

Kuroda used no solvent in the reaction. Instead, an excess of 
acetyl chloride was used. The ether was dissolved in the acid chloride 
and aluminum chloride (in amount equal to the ether) was gradually 
added, with stirring. As the reaction proceeded, the excess of acetyl chlo- 
ride was allowed to evaporate, and the reaction mixture became a paste. 
The 2,5-dimethoxyacetophenone was obtained as an oil. When purified 
by vacuum distillation, it crystallized and was found to melt at 21-22°. 
The yield was almost theoretical. 

With chloroacety] chloride, von Auwers and Pohl obtained 2,5-di- 
methoxy-u-chloroacetophenone, m.p. 87-88°. To 11 g of the ether in 
60 cc of carbon disulfide was added, with cooling, 10 g of aluminum chlo- 
ride. To this was slowly added 9 g of the acid chloride dissolved in 
15 cc of carbon disulfide. Tlic reaction mixture was allowed to stand 
for three hours. A small amount of the monomethyl compound, 5-meth- 
oxy-2-hydroxy-<a-chloroacetophenone (m.p. 81-81.5°) was also formed in 
the reaction. 

In another experiment, von Auwers and Pohl obtained a 65 per cent 
of theoretical yield of the mono-ether. Here the same procediu^ and 
practically the same proportion of reactants was used, except that the 
reaction mixture was warmed on the water-bath for twenty hours. 

In reacting bromoacctyl bromide with hydroquinone dimethyl ether, 
Tambor*^ allowed the reaction mixture to stand for several days with 
exclusion of air at ordinary temperature. He secured in the entirely pure 
state 2,5-dimethoxy-M-bromoacetophenone, m.p. 91°. No heat was 
applied during the course of the reaction. The fact that even after stand- 
ing for several days no cleavage of the methyl group was reported is note- 
worthy. 

Johnson and Hodge report the production of l,4-dimethoxy-2-pro- 
pionylbenzene (b.p. 167-169°/13 mm) after heating almost to the boiling 
l)oint for thirty hours a reaction mixture consisting of 29 g of hydro- 
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quinone dimethyl ether, 24 g of propionyl chloride, 36 g of aluminum 
chloride and 250 co of petroleum ether. He obtained 14 g of the pure 
dimsthoxy- ketone. According to Cruickahank and Robinson,**” this 
reaction gives an oily product (b.p. 140-100°/2 mm) which is a mixture 
of partially and completely dcmcthylatcd ketones. 

Ckindensation of hydroquinone dimethyl ether with n-valeroyl chlo- 
ride, by treating with aluminum chloride in carbon disulfide, after four 
hours gives 2-hydroxy-5-methoxy-n-valerophenone, m.p. 62°. Similar 
reaction with isovaleryl chloride gives 2-hydroxy-5-methoxyisovalero- 
phenone, together with some 2,5-dimethoxyisovalerophenone. With 
n-oetoyl chloride the product is 2-hydroxy-5-methoxyoctophenone, m.p 
46°.*»* 

Palmitoyl chloride was reacted witli hydroquinone dimethyl ether in 
the presence of oarhon disulfide and aluminum chloride by Kauffmann 
and Grombach.’** No external heat was applied, and the reaction mix- 
ture was allowed to stand for twelve hours. The yield of palmitoyl 
hydroquinone dimethyl ether fCHiO )2 Ci,H*.COCiiH*i (mp. 44°) was 
78 per cent of theoretical. Johnson and Kohmann report the easy pro- 
duction of 37 g of the dimethyl ether of myristylhydroquinonc (mp. 51- 
52°) from 15 g of the ether. 26 g of myristvl chloride and 16 g of alu- 
minum chloride Petroleum ether was used as diluent. 

Diethylmalonyl chloride and hydroquinone dimethyl ether in carbon 
disulfide solution were reacted in the presence of aluminum chloride by 
Freund and Fleischer.*®^ They obtained 4-hydroxy-7-methoxy-2,2-di- 
ethyl-l,3-indandione (m.p. 105-106°) 



and the corresponding dimethoxy- compound, m.p. 159-161°. They also 
secured, as one of the products, an oil (b.p. 2()0°/15 mm), which 
identified as 3-diethyl-6-methoxybensotetronic acid, 


rii lO 



CiHi 
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wliich is an isomer of 4*bydroxy<7-methoxy-2^-dietfaylindandione. 

Oxalyl chloride with hydroquinone dimethyl ether and aluminum chlo- 
ride gives 2^>2'|6^-tetramethoxybeneophenone.^^^ 

Kauffmann and Qrombach^^ reacted ethyl chloroglyoxylate with 
hydroquinone dimethyl ether according to the equation: 


OCHi 



COUI . CJOOC,H. 


UCHi 


OCHi 



UO . COOCilii 


UCUl 


+ liCl 


They secured ethyl (2,5-dimcthoxyphenyl) glyoxylate (m.p. 38°) after 
allowing the reaction mixtuie consisting of 12 g of the ether, 10 g of the 
acid chloride, 12 g of carbon disulfide and 12 g of aluminum chloride to 
stand for about 3 hours. 

Kauffmann and Grombach also reacted benzoyl chloride with 
hydroquinone dimethyl ether, obtaining benzoylhydroquinone dimethyl 
ether (m.p. 51°) in 78 per cent of theoretical yield. To a solution of 50 g 
of the ether and 50 g of benzoyl chloride in 50 g of carbon disulfide, they 
gradually added, with ice-cooling, 50 g of aluminum chloride. They 
allowed the reaction mixture to stand lor 48 hours before decomposition 
with ice and isolation of the reaction products. As a by-product there 
was also obtained about a 10 per cent yield of benzoylhydroquinone 
raonomethyl ether, m.p. 78°. 

The reaction of cinnamoyl chloride with hydroquinone dimethyl ether 
was studied by Simonis and Danischewski,^^^ who dissolved 13.8 g of the 
ether and 16.6 g of the acid chloride in three times the amount of carbon 
disulfide and slowly treated the solution, with cooling, with 13.4 g of alu- 
minum chloride. The reaction mixture was warmed at 50° for three 
hours under reflux. They obtained 2,5-dimethoxychalcone, (CH80)2- 
CoHa.CO.CHiCH.CeHs (m.p, 43°) in 75 per cent yield. Addition of 
more aluminum chloride to the reaction mixture resulted in cleavage of 
the o-methoxy- group and the consequent production of the mono-ether, 
5-incthuxy-2-hydroxychaloone, 


cu«o. 


Tp'r;" 

\/^ CH . C.H. 

wliich melts at 49°. 

When Simonis and Lear**’"’ reacted hydroquinone diethyl ether with 
cinnamoyl chloride, they could not obtain the dicthoxy- compound. The 
use of even 1 mole of aluminum chloride resulted in hydrolysis of the 
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o-eiboi^- group. The only product obtained by them wae 5-ethoxy>2- 
hydroxyohalcone, m.p. 83°. 

Phenylacetyl chloride was reacted with hydroquinone dimethyl etlier 
by Kauffmann and Grombach.*’^*' They used equal amounts by weight of 
the ether, acid chloride, carbon disulfide and aluminum chloride and 
allowed the reaction mixture to stand for twelve hours before isolating 
the reaction product, 2,5-dimGthoxydeaoxybenzoin, m.p. 49°. The yield 
was 50 per cent of theoretical. 

8-Bromo-^*phenylpi‘opionyl chloride and hydroquinone dimethyl ether 
in carbon disulfide with aluminum chloride yield 2-hydroxy-5-methoxy- 
phenyl «-bromo-/8-phenylcthyl ketone: 

CH»Ov/\.COCHCll«CfH. 

0 ™- 

• The reaction mixture was warmed on an oil bath and stirred for frciiii 
eight to ten hours; heating was continued for ten to twelve hours to inbuic 
the cleavage of the o-methoxy- group.®^*^ 

Alkoxy-substituted acid chlorides have been condensed with hydro- 
quinone dimethyl ether. Kiinig and Kostanccki condensed veratruyl 
chloride with hydroquinone dinicthyl ether in the presence of carbon 
disulfide and aluminum chloride. They allowed the reaction mixture to 
stand for 48 hours, and obtainetl 2,5,3',4'-tetraiucthoxybcnzophenone, m ]i. 
101-102°. 

Again, dimethyl ether of hydroquinone carboxylic acid chloride 
(dimethyl gentisic acid chloride) was dissolved with hydroquinone 
dimethyl ether in carbon disulfide and aluminum chloride was added grad- 
ually with ice-cooliug. After the reaction mixture had stood for scverHl 
hours it was decomposed, and from it Kauffmann and Grombaeli 
isolated 2,5,2',5'-tetramcthoxybenzophcnonc, (CII-tOl-CiiHs . CO . CoH.«- 
(0CH,)3, m.p. 109°. 

Ethers of Substituted Dihydroxy- Phenols 

In a recent study of quinol derivatives, several alkylated hydroquinone 
dimethyl ethers were acylatcd.®®® Addition of 2,5-dimcthoxy-n-propyl- 
benzene to an ice-cold solution of acetyl chloride and aluminum chloride 
after eight or nine hours gives 2-hydroxy-5-inctlioxy-4-n-propylaccto- 
phenone, b.p. 150-155°/! mm. 2,5-Dimethoxy-n-amylbenzene, as well »•> 
the iso-amyl isomer, have been similarly reacted with n-octoyl chloride 
to give 2-liydroxy-5-methoxy-4-n-ainyloctophenone (m.p. 42°) 
2-hydroxy-5-inetlioxy-4-iso-amyloi’toplicnone fa dark oil), respectively- 

Homocatechol dimethyl ether was eondcused with acetyl chloride h.v 

Kaiiffmnn aiicl A. Qrombadi, Ann , 344, 65 (1W6). 

L. ShruMT and R. E. Dvoichrodcr. /. Am. C/trm. jScir , i0» 894-806 (1988). 

■*B. Ebnk aiid Bt. v. KmUimcIci, Ber., 39, 4027-4681 (1006). 

K aa ffm ann and A. Grombachr Am., 344, 74 (19(16) 

««J. H. CriuckabaBk and B. Robuiaon, /. Chmn, Soc,, 2064-0071 (1088). 
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Harding and Weizmann 4,5-Dimethnxy-2-methylacctophcnone (m.p. 
68"^) was easily obtained according to the Mlowing reaction: 


CHiOv/^ClU 

T y + CHiCOCl 
CHiO-N/ 


AlCli^ 


CHaOy^^CHi 

CHao\^COCHi 


+ HCl 


Here, more than the equivalent amount of catalyst was used. For the 
reaction 30 g of acetyl cliloride and 50 g of the ether were dissolved in 
200 cc of carbon disulfide and treated with 100 g of aluminum chloride. 
The mixture was kept at ordinary temperature for 24 hours and then 
heated for two hours on a water-bath. 

According to Stephen and Weizmann when homocatechol dimethyl 
other is condensed with chloroacctyl chloride, using aluminum chloride as 
catalyst and nitrobenzene as solvent, there is obtained 4,5-dihydroxy- 
o-tolyl chloromcthyl ketone, b.p. 187^/14 mm and m.p. 128®. The yield 
was increased by W’aniiing the reaction mixture for eight hours at 40® 
after all the reactants had gone into solution. 

When 1 mole of orcinol dimethyl ether and 1 mole of acetyl chloride 
dissolved in carbon disulfide was treated with 1 mole of aluminum chlo- 
ride and the reaction mixture was allowed to stand for 24 hours, Lud- 
winowsky and Tambor obtained the dimethyl ether of orcinolaceto- 
phenonc (m.p. 89®) according to the following equation: 


OCHs 


CHa 



+ VlUCOCl 


OCHa 

COCHa 


OCIIa 


-A 

rHa^/^OCHs 


+ iicn 


A by-product in this reaction was found to be an isomer, melting at 48® 
and having the structure 


OCHa 



COCHa 


Tlie substitution of the carboxylic instead of the methyl group in 
resorcinol dimethyl ether does not vary the progress of tlie reaction. 
Thus Liebermann and Lindenbaum dissolved 50 g of the dimethyl 
ether of resorcylic acid in 750 cc of freshly distilled acetyl chloride and 
in the course of twenty minutes added 250 g of aluminum chloride. There 
was rapid reaction w’ilh strong evolution of hydrogen chloride; the alu- 


C* Weliinaiin, /. Chvm, Soc„ 17, 1126-1131 (1610). 
Wdimamn. /. Chem. floe.. 105. 1040-1637 (1014). 

““ J Tambor, flff.. », 4087-4041 (1600). 

“•C W-768 (1008). 

l4abonaaim and B. Lmdenbaum. Ber., 41, 1007-1016 (1608). 
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minum rhioridc was complotrly dii^^olvrd. The liquid was treated with 
ice water and the reaction produrt precipitated. After purifioation and 
erystallisation from ethyl or methyl alcohol there was obtained 2,4- 
resacetophenone-S-carboxylic arid dimethyl ether (m.p. 231-233”) in 
80-90 per cent yield arcording to the equation; 

rnrf)v/\vOcni CH»o,y^ocH. 

I T + Rcon T T + HH 

\/^cooH rniro'\/'coon 

When the diethyl ether of resorcylic and was similarly treated, the prod- 
uct melted at 190-202°. Analysis showed it to be a mixture of 2,4-reB- 
acetophenene-5-carboxyhc acid diethyl ether, and the corresponding 
mono-ether. 

Ethers of Trihydrozy- Phenols 

Pyrogallol trimethyl ether was reacted with acetyl chloride by Man- 
nich and Hahn who, using 6.3 g of the ether and 3.6 g of acetyl chlo- 
ride in 16 cc of carbon disulfide with 5.1 g of aluminum chloride, obtained 
acetyl pyrogallol trimethyl ether, mp 14-15°, and b.p. 165°/12 mm 
The trimethyl ether as an oil (bp. 140°/10 mm) was also prepared by 
Kuroda and Nakamura,*^'' who obtained an almost theoretical yield by 
dissolving 5 g of pyrogallol trimethyl ether in 10 cc of acetyl chloride 
and slowly treating this with 5 g of aluminum chloride. No solvent was 
used, the excess of acetyl chloride being employed instead. 

Perkin and Weizmann secured the dimethyl ether, 


rHiCO— 


OH OCHi 


oriij 


and reported the m p. to be 77°. They dissolved 30 g of pyrogallol tii- 
methyl ether in carbon disulfide and added 16 g of acetyl chloride. The 
solution was well cooled and gradually mixed with 20 g of aluminum 
chloride. The mixture was allowed to stand for 24 hours. The authorx 
showed that here the methoxy- group ortho- to the ketone group had 
been hydrolysed. Repeating the reaction, Bargellini also reported that 
he obtained 2-hydroxy-3,4-dimcthoxyacetophenone, but he gave 83° as 
the m.p. of the compound. 

Perkin and Weizmann reacted pyrogallol trimethyl ether with 
phthaloyl chloride. One mole of the chloride was dissolved in light petrn- 
leum and mixed with 2 moles of the ether. After cooling in ice, finely 
powdered aluminum chloride was added in small quantities, the total 


•" C. Muoish and F. I. Hahn. Ber , 44, 1S51 (1911). „ „ 

■**0. Kuroda and T. Nakamura /tec Papsri InH, Phyn C/iom, Aof. Tokyo, IB, 

Brit Cham. Abatraete, At 8B8 (IMS 
*** W. H Porkiiip Jr. and C Wpiamann, / Chmn, 8oc , M, IB54 (If 
M>Q. Baifdluiip Can. ehtm, xtai , M, I, M0-3Sft (1016); C. lfl< 

■*W. J Perkin, Jr and C Weirmann, J Ch^m. ftoc , I0| 1057 (lOM), 


(xW 


(1606) 
Ml fl. 


507 . 
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amount used being half that of the combined weights of the chloride and 
ether. The reaction mixture was allowed to remain for twelve hours in 
ice •wtAer, and was then heated on the water-bath until the evolution of 
hydrogen chloride had almost stopped. After decanting the solvent and 
decomposition of the catalyst complex there was obtained, by crystallisa- 
tion from acetic acid, colorless, micro.scopic needles of bis-ftrimethoxy- 
phenyl) -phthalide, 



C«Hs(OCHi). 

C.Hi(OCHi)a 


Tlic phthaloyl chloride hud reacted as a lactone. 

The reaction of pyrogallol dimethyl ether and benzoyl chloride in 
nitrobenzene with anhydrous aluminum chloride gives 3,4-dihydroxy-5- 
methoxybenzophenone, m.p. 168-169® .•** 

The chloride of 2-methoxy-p-toloic acid was also condensed with 
pyrogallol dimethyl ether by Perkin and Weizmann.**® Fifty-four g of 
the chloride and 50 g of the ether were suspended in carbon disulfide and 
heated on a water-bath with 56 g of aluminum chloride fur about four 
hours. The product obtained was 4'-methyl-2-hydroxy-3,3',4-trimethoxy- 
benzophenone, CHsfOCHalCJiB.CO.CoHafOH) (OCH,)^ (m.p. 109®) m 
a 20 g yield. Reacting 3,5-dimethnxybenzoyl chloride with pyrogallol tri- 
methyl ether in the presence of carbon disulfide and aluminum chloride, 
Mauthner***® obtained 3,6,3',4'-tetramethoxy-2'-hydroxyl)enzophenone, 
m.p. 123-124°. From the trimcthyl ether of gallyl chloride and pyro- 
gallol trimethyl ether heated in carbon disulfide solution with aliuninum 
chloride ou a water-bath Perkin and Weizmann secured 2-hydroxy- 
3,4,3',4',5'-pentamethoxybonzophenone, m.p. 133-134° : 


OCU< OH UCHi 



CHiO 


Uydroxyhydroquinone trimethyl ether in carbon disulfide was reacted 
with acetyl chloride in tiie presence of aluminum chloride by Reigrodski 
and Tambor.*®® Equimolecular proportions of the reactants were used, 
and the reaction mixture was allowed to stand for two days before isn* 
lation of the product, 2,4,5-trimethoxyBcetophenone, m.p. 102*103®. 


■ w prate. Clum., 133, 1M-1» (im); C. . . 

av'/.- J'* •ad c. WiUium, /. Chem. Soc.. W. im-IMi (IMM). 


U. A., 3C, 3441. 


*4 11> as WWWnWBIl. 


LafSeWK OWVa, UWf swav- IWVU 

-409 <1913) (II); J. Chm. See. Abe., 104, (I), 633 (19U)- 


G I ’W" w«a»awiii, a- Chem. Soc.. 19, 1605 (1900). 

Heiiradaki muI J. Tambar, Ber., 43, 1064-19aS (1910). 
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COCBi 
OCHi 


OCHi 

The Bame reaction was also studied by Bargellini and Avrutin who 
reported that the 2,4^-trimethoxy- compound melted at 102° and boiled 
at 285'290'’/33 mm. Kuroda and Matsukoma prepared the compound 
by dissolving the ether in an excess of acetyl chloride and tlien gradually 
treating the solution with aluminum chloride in an amount equal to the 
ether used. No solvent was used. For 2,4,5-trimethoxyacctophcnunr 
they found the m.p. to be 99°. 

Bargellini reacted the trimethyl ether of hydroxyhydroquinonc 
with propionyl chloride. He obtained 2,4,5-trimethoxypropiophenonc 
(m.p. 106-108°) and a by-product, the corresponding di-ether. The prepa- 
ration was repeated by Bargellini and Martegiani,'”'* who dissolved 30 g 
of hydroxyhydroquinonc trimethyl ether in carbon disulfide and added 
18 g of propionyl chloride and 25 g of aluminum chloride. The reaction 
mixture was heated on a water-bath. There were obtained 24 g of tri- 
methoxypropiophenone fl) and 11 g uf 4,5-dimethoxy-2-hydroxypropio- 
phenone (11), which melts at 124-126*'. 



CO . CtlU 

O OOUi 

I 

OCHi 

(I) 

Benzoyl chloride and hydroxyhydroquinonc trimethyl ether were also 
reacted by Bargellini and Martegiani.**^* By the action of 11 g of alu- 
minum chloride on a solution of 11 g benzoyl chloride in 50 cc of carbon 
disulfide which had previously been mixed with 11 g of the ether in 50 cc 
of carbon disulfide they obtained the following: 

2,4,6-trimethoxybenzophenone, m.p. 97° 
2-hydroxy-4,5-dimethoxybenBophcnone, m.p. 106-107° 

The dimethoxy- coinpouml could also be obtained by heating the corre- 
sponding trimethyl ether with aluminum chloride in carbon disulfide. 

Reacting hydroxyhydroquinonc trimethyl ether with cinnaraoyl chlo- 
ride in carbon disulfide in the presence of aluminum chloride for two 
hours at room temperature and then for two hours on the water-bath, 

■•O. BAfgHlini and O Avrutui, (Itaz. rhim Ual., 4D, 11, 3U-84a (IMO); C. A., S, lOM (IHl). 

KutvdB and T. MaUtukoma, Sci. Inst. Phifs. C/iem. Tiia. I'okpa, IB, M-6Q (IMB): r a « 

IBJZp J. n70. 

IWtelJuu, Atti 
**(}. Barvellmi and 
0. Baif elliiii and 1 


apead. Linen, ($) 30, I, BZ-W; C. Z., 1011, I, OBl. 

£. Msrtfloiiiiii, Atti aeaad. Lmcdf ($), A, 11, 18-B5 ; C. Z.. IfU, 

L Atti aeead. Linen, fi), 30, 11 , Ifb-IBO; a Z., 1011 , Hr 1788-17B0 
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OCH, 
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Barp;cllmi and Finkolstein obtained the chalconc, 2,4,5- (CHaO)a.CcH 2 .- 
(^ 0 .CH:CH.C«H 5 . If, however, the lieatina of the mixture of hydroxy- 
hydroquinonc triincthyl ctlicr, cinnaniyl chloride, and alinniiium chloride 
is prolonged to ten or twelve lumrs, the principal product (m.p. 127-128^) 
was what they assumed to bo the product of a disubstitution. The com- 
pound hod probably been substituted at the olefinic linkage of the 
double bond. 

From anisoyl chloride and hydroxyhydroquinone triraethyl ether in 
the presence of aluminum chloride, Bargellini and Martegiani obtained 
2,4,5,4'-tetramcthoxybcnzophenone (I) (m.p. 122-124®) and 4,5,4'-tri- 
mcthoxy-2-hydroxybenzophenone (ID, m.p. 127-128®. 


CiliO 


(T) 


OCfli 
>-OCna 
OCHi 



OCHa 




(II) 


OH 


Likewise, in the similar condensation of hydroxyhydroquinone tri- 
methyl ether with phenylacetyl chloride they obtained the tri- and 
dimethoxy products, 2,4,5-triniethoxydcsoxj"brnznin (III) (m.p. 76-77®) 
and 4,5-diraethoxy-2-hydroxydesoxybenzoin, m.p. 94® (IV). 


OCHi 




(in) 


I 

OCIla 


(IV) 


OCHi 

OCIla 
OH 


Phloroglucinol trimethyl ether was reacted with acetyl chloride by 
Friedlaender and Schnell.®'®® They dissolved the ether in about 15 parts 
of petroleum ether and added somewhat more than the calculated amount 
of acetyl chloride. ’ While gently heating the solution on the water-bath 
they gradually added aluminum chloride. The main product of the reac- 
tion was a mixture of the trimethyl ether of phloroacetophenone (m.p. 
97-98°) together with a lesser amount of the dimethoxy- compound, 
CoH 20H(OCH8)2COCH8, m.p. 85-88®. 

Kuroda and Matsukoma performed the reaction without using a 
solvent, employing, instead, an excess of acetyl chloride. They secured 
an almost theoretical yield of the trimethoxy- compound, 2,4,6-trimethoxy- 
acetophenone, and reported its melting point to be 102®. 

According to Gulati and Venkataraman the condensation of phloro- 
glucinol trimethyl ether with acetyl chloride for the production of 2,4,6- 


S9 


?Sjr./.jefVAv?. irfceiii.’ Bm. Tokuo. U, 5HD (HU); C. Z., 
K. C. OulBti Mid X. VMikBtuamHi, /. Chem. Soe.. M7.IM (HM); C. A., 30, DM. 


i Mid M. Finluhtab, OamUt, 42. (il), 41T.4M (1112); I. Chem. Sot. Ab*., U4, (I), 



338 


ANHYt>ROVS AUJMISVM CHLORIDE 


triniethoxyHrptopbpnone proceeds best at —5° to —10°, with the alu- 
luinum chloride beinK added to the reaction mixture during three hours. 

In reacting phloroglucinol trimethyl ether with chloroacetyl chloride 
in the presence of aluminum chloride, Friedlaender and Schnell used 
petroleum ether as solvent. When all the reactants had dissolved, the 
solvent was distilled off, and the residue was heated for three more hours. 
They secured dimethoxy-o-hydroxy-u-chloroacetophenone, C«H 2 .(OH)- 
(OCHb)s COCH8C1, m.p. 142-144°. 

Dumont and Tambor”**’ reacted bromoaoetyl bromide with phloro- 
glucinol trimethyl ether. A solution of 16 g of the ether and 20 g of the 
bromide in a little carbon disulfide was gradually treated with 20 g of 
aluminum chloride and then allowed to stand at ordinary temperature 
Aiter removal of solvent and decomposition of the reaction complex with 
ice and dilute HCl, the ketone was secured by erystallization from alcohol 
The a-bromophloroacetophenonc trimethyl ether obtained melted at 126° 
and was assigned the following structure: 



OCHt 

COCHinr 


OCHf 


Kostanecki and Tambor reacted anisoyl chloride and phlorogluci- 
nol trimethyl ether in carbon disulfide with aluminum chloride They 
seemed 2,4,6,4'-tetramrthnxybcnzophenone, mp. 146°; 


CH.O. 




OCHi 


OCHi 


Using veratroyl chloride instead of anisoyl chloride in the foregoing rear 
tion, they secured 2,4,6,3',4'-pentamethoxybenzophenone, 


rnio 



OCHi 


OCHi 


melting at 157°. Mauthner®** reacted 3,6-dimethoxybenzoyl chloride 
with phloroglucinol trimethyl ether in carbon disulfide solution in the 
presence of aluminum chloride. He obtained a pentamethoxybenzophe- 
none melting at 132-133°. 

By treatment of trimethylgalloyl chloride and phloroglucinol tn- 

Madl«Mi4er ind L, C. BchDelt, Sir., 

^B. Dittnont and J. Tambor, Ber,, 49» IN 
*** St. V. KoaUnaaU and J. Tambor. Bar , If 
Pi Maulhnar, J. jfrakt Chem , 87, (ii), 4C 
C. A, 7, N44. 
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methyl ether in carbon disulfide aolution with aluminum chloride Kon- 
taneoki and Tambor®*^ obtaincrl 2,4t6|3',4^5'-hexamethoxybenzophenone 
(m.p. 122»): 


nriso 



Ethers of Substituted Trihydrozy- Phenols 

Aniiarol was reacted with acetyl chloride in nitrobenzene solution in 
the presence of aluminum chloride. Chapman and co-workers isolated 
two substances in small yield. The first (m.p. 92-93°) gave analytical 
results corresponding to formula (I), and the second (m.p. 160-161°) was 
found to be probably (II). 


HO 

rnaoc 


GlljiO 
^OClIi 
'\/^rociii 


ClIjiG 

A' 


1 

on 

(I) 


no 

CHjOC 


nrnt 
OCHi 


V 

on 

(II) 


In both cases the original hydroxy- group of antiarol, 


OCHi 

CIIjiO A, OCRs 




was not affected, but demethylation of one of the methoxy- groups 
resulted. 


Ethers of Tetrahydrozy- Phenols 

When Bargellini and Bini and, later, Bargellini treated .1, 2,3,5- 
tetramethoxybenzene with acetyl chloride in the presence of aluminum 
chloride in^ carbon disulfide solution they secured: 


(1) the tetramethoxyacetophenone, m.p. 43-45° 

(2) 2,3,4,6-tetrabydToxyacetophenone trimethyl ether, m.p. 106-107° 

(3) 2,3,4,6-tetrahydroxyacetophenone dimethyl ether, m.p. 162-163^ 

(4) 2-hydrQxy-3,4,6-trimethoxyacetophenone, m.p. 112-113° 


Tunbor, Ber., 3f, 40a-40S4 (1900). 

•nn ^k\n, Mid R. Robinion, /. Chtm. Sor., 3010 (1037). 

1 BarciUfaii and h. Rial, Atti oocod. lAncti, lltO, (v). 1^, U. 535-000; /. Chem. Soe. Abt,, 1911, 
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Chapman and cn- workers repeated the experiment and secured : 

(1) cream-colored crystals, m.p. 177-178“ 

(2) yellow prisma, m.p. 111-112“ 

(3) brownish-yellow crystals, m.p. 162-163° 

(4) 2,3,4,6-tetramethoxyacetophenone, m.p. 53-54° 

Kuroda performed the reaction without usin;; a solvent, employ inf; 
instead an excess of acetyl chloride. Two grams of 1,2,3,5-tetramethnxy- 
bensene in 4 g of acetyl chloride was gradually treated with 2 g of alu- 
minum chloride. In about twenty minutes the product became somi- 
Bolid, and ice was added. 2,3,4,6-Tetramethoxyacetophenone then crys- 
tallised in long, colorless needles. The yield was almost theoretical 
Kuroda reported that the o.T?me of the tetramcthoxyacetophenone melted 
at 53-54°. 

Using propionyl chloride with carbon disulfide and aluminum chlo- 
ride, Bargellini secured 2,3,4,6-tetrBhydroxyprnpiophcnone trimelhyl 
ether, OH . CsHlOCHalsCO . CaHg (m.p. 124-126°) . Under similar conrli- 
tions, with benzoyl chloride, he obtained 2,3,4,6-tetraliydroxybenzo- 
phenone trimethyl ether, OH.CtiH(OCH8)sCO.CaHB, m.p. 87-89°, 

Ethehb of Polynuclear Phenols and Acm CHLORmss 

Kaphthyl Ethers 

Reacting various a- and /S-naphthyl ethers with acyl chlorides in the 
presence of aluminum chloride with carbon disulfide as diluent, Gatter- 
mann'^" reported the preparation of the following compounds: 

acetyl-a-naphthyl methyl ether, m.p. 71-72° (the acetyl group 
probably being para) 

propionyl-s-naphthyl methyl ether, m.p. 58° 
acetyl-a-naphthyl ethyl ether, m.p. 78-79° 
beneoyl-a-naph^yl ethyl ether, m.p. 57-58° 
acetyl-/}-napnthyl ethyl efber, m.p. 62-63° 

In repeating Gattermann’s work, Witt and Braun found that in the 
reaction between the naphthyl ethers and aryl chlorides there is also n 
hydrolysis of the alkoxy- group, so that in the case of the reaction oi 
acetyl chloride and a-naphthyl ethyl ether, for example, there are formed 
4-acetyl-a-naphthol (m.p. 198°) a diacetyl-a-naphthol (m.p. 140°), and 
the 4'acetyl-a-nBphthyl ether, m.p. 78-79°. The authors pointed to the 
formation of these products as a proof that aluminum chloride, under 
casual conditions, may hydrolyze the ether, and then cause the introduc- 
tion of an acetyl group into the 2- or 4-po8ition, or even the introduction 
of two acetyl groups. 

M c. XwadB, /. Chem, Soe , 1130, TOT. 

•"G. BMiribBi. OtHWOtm «, i, 03-03 (ini); /. CSm. Soc. lOg a), n (1015). 

•«L. Qi[M|l«m a. Bhrhardt. and H. Musah, Btr„ Zl, IltO-llll riOOO); /. CAmi. Sm- A(>«- 
SOI (IM); »tt.. IIOO-UM (1000); /. CJiem. Sue. Ab$., M, (U), 000 (IMO). 

"•O. N. wm and 0. Bnon, Bar., IT, niO-OOSl (1011); /. Chttn. Boe. Abi., Itia I. 
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In the condonBBtioD of nerolin (/9-naphthyl methyl ether) with acetyl 
rhloride by the Friedel-Crafta reaction in benaene, there was obtain^ 
3-acetyl-/9-naphthol (m.p. 64-65°) and a diacetyl-/9-naphthol, probably 
3,6-diacetyl-/3-naphthol, as well as the compound obtained by Gatter- 
mann, Bcetyi-/9-naphthyl methyl ether, m.p. 57.5-58°. 

This hydrolysis of naphthyl ethers in the presence of aluminum chlo- 
ride had previously been studied by Hartmann and Gattermann who 
reported that acetyl-«-naphthol ethyl ether, for example, was readily 
hydrolyzed to acctyl-a-naphthol. 

Because of the uncertainty of the products obtained by aluminum 
chloride hydrolysis. Fries investigated the constitution of the com- 
pound which was designated by Witt and Braun as 3-acetyl-/9-naphthol. 
Direct comparison of this substance with 2-hydroxy-a-naphthyl methyl 
ketone indicated that these compounds were identical. Later the 
2-hydroxy-3-naphthyl methyl ketone was synthesized, and it was found 
to differ completely from the product reported by Witt and Braun, which 
must therefore be regarded as 2-hydroxy-a-naphthyl methyl ketone. The 
unhydrolyzed product, 2-niethoxy-a-naphthyl methyl ketone (m.p. 58°), 
was also conveniently obtained by the action of acetyl chloride and alu- 
minum chloride on /9-naphthyl methyl ether. (Compare with Gatter- 
mann ““ and Witt and Braun.*''®) 

Dichloroacetyl chloride was reacted with a-naphthyl methyl ether by 
Kunckell and Johannssen,**' who reported the production of a dichloro- 
acctyl-a-naphthyl methyl ether, m.p. 100°. No product was secured 
when j3-nBphthyl methyl ether was used. 

Oxalyl chloride with aluminum chloride in carbon disulfide reacts 
normally with a-methoxynaphthalene to give the diketone, l,T-dimeth- 
oxy-4,4'-binaphthoyl.®** The diketone is obtained in 60 per cent of theo- 
retical yield, according to the reaction: 


OCHa OCHa OClIa 



The formation of the preceding diketone, together with a monoketone, 
his- (4-mcthoxy-«-naphthyl) ketone, CHf.O.CioHe.CO.CioHa.O.CHs, 
lias also been reported.®** 

Condensation with /9-naphthol ctlicrs, however, docs not proceed 
analogously .®*®>*®* The product of the reaction of 2-methoxynaphthalene 
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with oxalyl chloride under the same conditions is mainly a bensocouma- 
randume: 

o 


This is the lactone of (hydroxynaphthyl) glyoxylic acid. It could have 
been formed by the saponification of the naphtbol ether by aluminum 
chloride, and condensation of the naphthol with oxalyl chloride, followed 
by ring closure. As a matter of fact, it has been shown that ^-naphthol 
with oxalyl chloride and aluminum chloride gives the foregoing lactone."^* 
There is also formed in the condensation of oxalyl chloride with the 
^-naphthyl methyl ether, a small amount of methoxyacenaphthenc- 
quinone: 

fO -CO 

U . Clla 




It has been shown by Liebemiann and co-workers that these types 0 / 
substitution are to be expected with reactive compounds. 

Reaction with ^-ethoxy- naphthalene and oxalyl chloride proceeds as 
with the jS-methoxy- compound. 

The reaction with 2,7-dimethoxynaphthalene also results in the for- 
mation of a lactone and an aecnaphlhenctiuinone derivative: 


CO— CO 



uiul 


('lIiU 


CO-CO 



OCHi 


/S-Napbthyl benzyl ether with oxalyl chloride yields neither lactone 
nor acenaphthaquinone; instead the product contained a new yellow acid 
which has not been investigated.''^^ The reaction was also studied with 
^•naphthyl phenyl ether, and with 2,7-dimethoxynBphthalene. 

Malonyl chloride and /8-naphthyl methyl ether in the presence of alu- 
minum chloride in nitrobenzene is reported to give an indandione of the 
type: 

Hi 

I 


c 

/N 

o«<; 00 
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ITcrc demethylatioo of the metlioxy- group in the ortho- position to the 
carbonyl occutb.*** 

The reaction of «-naphtbyl methyl ether with bemsoyl chloride and 
aluminum chloride in carbon disulfide was studied by Fiers-David and 
Jaccard,**^ who reported a 68 per cent yield of 4-^nzoyl-l-methoxy- 
naphthalene. Using nitrobenzene as solvent, a temperature of 0°, and a 
reaction time of eighteen hours, Fieser and Bradsher’** obtained an 
84 per cent yield of the ketone. 

Upon condensing benzoyl chloride with jS-naphthyl methyl ether by 
means of aluminum chloride in carbon disulfide, an ^ per cent yield of 
]-benzoyl-2-methoxynaphthalene was secured.*” 

The reaction of cinnamoyl chloride with a-ethoxynaphthalene has been 
reported to give a ketone which crystallizes from alcohol in needles melt* 
ing at 85-86“.”* 

An interesting condensation is that of a-naphthyl methyl ether and 
the chloride of 4-methylhydrindenc-7-carboxylic acid with anhydrous 
aluminum chloride in tetrachloroethanc to give 4-methyl-7- (4'-methoxy- 
r-nai)hthoyl) -hydrindenc in 82 per cent yield.*** 

Dimethoxynaphthalenes and benzoyl chloride have been reacted in 
the presence of aluminum chloride. 1,5-Diincthoxynaphthalene gives a 
90 per cent yield of l,5-diniethoxy-4,8-dibenzoylnBphthalene, m.p. 356- 
368°. Condensation of 2,6-diinethoxynaphthalene with benzoyl chloride 
and aluminum chloride in carbon disulfide gave 50 per cent of 2,6-di- 
hydroxy-l,5-dibcnzoylnBphthnlene (ni.p. 275°), a cleavage of the meth- 
oxy- groups occurring under tlic reaction conditions.*** Although diacy- 
lation is unusual in Friedel-Crafts acylation, it is here facilitated by the 
presence of the two methoxy- groups. 

A study of the by-products formed in the Friedel-Crafts synthesis of 
ketones from acid chlorides and naphthol ethers has l>een made.*** 

Diphenyl Ethers 


OkD 


+ RCOCJ 


AlCU. 



roR + nri 


Diphenyl ether was reacted with acetyl chloride by Kipper.®®^ Using 
1 mole of the ether, IJ moles of acetyl chloride and IJ moles of aluminum 
chloride with carbon disulfide, there was obtained a 90 per cent yield of 
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p-phenoxyacsetophenone, CgHsOCeHi-COCHii, b.p. 318-325° and m.p. 46°. 
Dilthey and co-workera obtained a 60 per cent yield of the diacctyl 
doivative, 4,4'-diBcetyldiphenyl ether, m.p. 100-101°. Since under cer- 
tain conditions aluminum chloride causes the hydrolysis of the methoxy- 
poup, in the reaction of acetyl chloride with p-methoxydiphenyl ether 
Tomita obtained the hydroxy- ketone, 4-hydroxy-3,4'-diacetyldiphenyl 
ether, m. 120°. Tcnnita used 10 k of the ether, 12 g of the chloride in 
15 cc of carbon disulfide and 20 g of aluminum chloride. 

The reaction of chloroacetyl chloride with diphenyl ether is described 
by Kunckell**^ who obtained bis-fut-cbloroacetylphcnyl) ether, melting 
at 111°. Tomita reports that the product of the reaction is 4,4'-bis- 
(•»-chloroacetylphenyI) ether, m.p. 102-104°. 

This compound is also described in a patent to Sehering-Kuhlbauni, 
A.-G.,*** which claims the condensation of diphenyl ether with liahigeno- 
aeetyl chlorides in the presence of aluminum ebloride. Using 10 parts of 
diphenyl ether and 10 parts of chloroacetyl rhloride with 23 parts of 
aluminum chloride, there was obtained the disubstituted ether, 4,4'- 
bis-fM-chloroacetylphcnyl) ether, m.p. 102°. The corresponding bromo- 
derivative, 4,4'-bis-(»-bromoacetylphenyl) ether fm.p. 121°) was simi- 
larly prepared. The reaction of chloroacetyl chloride with diphenyl ether 
is further described by von Schickh.^°° Here, with cooling and stirring, a 
mixture of 19 g of the ether and 19 g of the acetyl chloride was gradually 
added to 23 g of sublimed aluminum chloride. The yield of tlic diacy- 
lated ether (m.p. 102°) was 43 per cent of theoretical. 

In the Schering-Kahlbaum patent, it had been assumed that as long 
as the 4,4'-poeitions were not occupied, the Friedel-Crafts reaction would 
give p,p'-derivative8. There was thus claimed the formation 4-u-chloro- 
acetylphenyl 2-methoxy-4-ii>-chloroacetylphenyl ether from 2-methoxv- 
pheny] phenyl ether and chloroacetyl chloride. Similarly, from bis-(2- 
methoxyphenyl) ether and the chloride, there wah claimed the formation 
of bi8-(2-methoxy-4-a-chloroacetyIphenyl) ether. Tomita™^ re-exam- 
ined the reaction and showed that the acetyl or chloroacetyl group doci< 
not enter the 4,4'- positions, but enters the 4',5- or the 5,5'- position^ 
He reported the formation of 6-acetyl-2-methoxyphenyl 4-acetylphcn’vl 
ether (m.p. 142°) from 2-methoxyphenyl phenyl ether and 2 moles of 
acetyl chloride in the presence of aluminum chloride. In the same wav 
he prepared 5-u-chloroBcetyl-2-methoxyphenyl 4-B»-chloroacetylphenyl 
ether (m.p. 148°) using chloroacetyl chloride and the same ether. With 
10 g of 4-methoxyphenyl phenyl ether and 17 g of chloroacetyl chloride 
in 15 cc of carbon disulfide with 20 g of aluminum chloride, Tomita 
secured 4-hydroxy-3-M-chloroacetylphenyl S-u-chloroacetylpbenyl ethei, 


E. Bach, H. QrQtonni and E. Hauadorfer, /. prdbf. ChMm,, tl7, 887-M8 (1927) 

Tomita, /. phofm, Bot. Japan, S7. 689-86^ (1997): C d , 32. 188. 

'F, SudoImU, Ear drtie FAorm. (1H»0);^C, Z., I. 1789. 

"4Mifal*’(IR7) to otto von Sehirkh fto 



tiBTONE SYHTBBSBS 


Stt 

in.p. ISS”* Haro a hydrolysia of the methoxy- group had occurred. Fr(Kn 
bis- (2-methoxypheDyl) ether and chloroaoetyl chloride he secured biB-(6- 
ia-chloroacetyl-2-methoxyphenyl) ether, m.p. 164-166®.™* von Schiokh ™* 
thereupon repeated the work and stated, as Tomita had found, that in 
the case of substituted diphenyl ethers, acylation does not necessarily 
result in the formation of p,p'- derivatives. 

In order to study further the orientation of acyl groups in the Friedel- 
Crafts reaction with alkoxy-substituted diphenyl ethers, Tomita™* 
reacted some o-alkoxydiphenyl ethers with acetyl chloride. With 3 g of 
2-propoxyphenyl phenyl ether and 3.5 g of the chloride in 10 cc of carbon 
disulfide and 6 g of aluminum chloride he obtained 2-propoxy-5-acetyl- 
phcnyl 4-acetylphenyl ether, m.p. 99°. Using the same proportion of 
reactants he secured from isoamoxyphenyl phenyl ether the correspond- 
ingly substituted derivative, 2-isoamoxy-6-acetylphenyl 4-acetylphenyl 
ether, m.p. 56-59°. Later, Tomita,^** reacted 2.3 g of bis-(4-methozy- 
phcnyl) ether with 2.5 g of acetyl chloride in the presence of 4 g of alu- 
minum chloride and obtained a 1.2 g yield of biB-(3-acctyl-4-methoxy- 
])hcnyl) ether, m.p. 133°. He thus showed that the position occupied by 
the alkoxy- substituent influences the orientation of the entering acyl 
group. 

Diphenyl ethers, or substituted diphenyl ethers, have been condensed 
with higher fatty acid chlorides, such as stearoyl chloride, myristyl chlo- 
ride, lauroyl chloride, caproyl chloride. The resulting products are of 
waxy character which find application in electrical insulation and as 
waxing and polishing compositions.''®* 

Benzoyl chloride was reacted with diphenyl ether by Kipper.''"' He 
added a mixture of 1 mole of the chloride and 1 mole of the ether to 
2} moles of aluiiiinum chloride in carbon disulfide and secured a 97 per 
cent yield of 4-benz(iylphcnyl phenyl ether, CsHsOCoHtCOCgHs, m.p. 
71°. Using 15 g of the ether and 20 g of the chloride with 50-61 g of 
aluminum chloride in carbon disulfide, Dilthey and co-workers 
reported a 90 per cent yield of bis-(4-benzuylphcnyl) ether, m.p. 163-164°. 

The Friedel-Crafts reaction of cinnamoyl chloride with diphenyl ether 
takes place very slowly even in direct sunlight, but the yield is good. 
Benzal-p-phcnoxyacetophcnouc (m.p. 85°) is formed 

: CllC’Ot’l — ► 
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H ; CHC.H6 + HCl 
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Blicke Bnd Weinksuff obtained 4-metho3iy-4'>benxoylbiphenyl (m.p. 
166-189'*) by allowing 9 g of 4-nie1ii0xybiphenyl, 7 g of benioyl chloride, 
B g of aluminTun chloride, and 40 oo of carbon disulfide to remain at ordi- 
nary temperature for 34 hours. This preparation was repeated by Hey 
and Jackson.^^^ Using the same quantities of materials and the same 
reaction period, these workers obtained 4-metboxy>4'-bensoylbiphenyI 
(m.p. 166°) and another substance (m.p. 170°) which they regarded as 
4-methoxy-3,4'-dibeu8oylbiphenyl. 

4-Methoxy-4'-methylbiphenyl has been reacted with oxalyl chloride 
and aluminum chloride in carbon disulfide at 0° to give 4-hydroxy-3,3'- 
diearboxy-4'-methylbiphenyl, m.p. 280° Here, as in the case of aro- 
matic compounds in which the phenyl radicals are joined through an 
aliphatic linkage, oxalyl chloride acts as carboxylating agent.''^’ Cleavage 
of the methoxy- group occurred during reaction. 

Eethylene glycol diphenyl ether and chloroacetyl chloride yields 
ethylene glycol bi8-(4-chloroacetylphenyl ether) (m.p. 160-165°) accord- 
ing to 


COClliCl 
I COCHtCl] 



o o 0 0 


CHi . CHi CHi . CHi 

Phenantliryl Ethers 

4-Methoxyphenanthrene has been found to react easily with acetyl 
and i»opionyl chlorides in the presence of aluininum chloride to give 
4-methoxy-(7)-acetylphenanthrenc (m.p. 122.5-123.5°) and 4-methoxy- 
(7)-propionylphenanthrene (m.p. 116°) in 70 per cent yields.’'^® Analo- 
gous reaction with 1-methoxyphenanthrene, using nitrobenzene or sym- 
tetrachloroethane, or a mixture of both, as solvents, could not be effected 
The methyl etber of 2-hydroxy-9,10-dihydrophenanthrene has been 
reacted with acetyl chloride by the Friedel-Crafts reaction, but the acetyl 
derivatives have not been identified.^®® 


Reaction of Ethers with Nitrogenous Acid Chlorides 

Hitroaroyl Chlorides 

p-Nitrobenzoyl chlorides undergo normal Friedel-Crafts reactimib 
with anisole, phenetole, and p-tolyl methyl ether. 
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Condensation of p-nitrobenzoyl chloride with anisolc in carbon disul- 
fide solution by means of aluminum chloride gives 4-metboxy-4'-nitro- 
benzophenone as the principal product. With phenotole, under similar 
conditions, 4-pthoxy-4'-nitrobenzophcnonR was also obtained; but 
2-hydroxy-4'-nitrobenzoplicnonc is also formed, together with traces of 
4-hydroxy-4'-nitrobc!nzophenone.'^*'^ The production of the latter com- 
pound, of course, can be explained by hydrolysis of the methoxy- group 
in the principal product, but the formation of large amounts of 2-hydroxy- 
4'-nitrobenzophenone, 



was unusual. Obviously, during the acylation, 2-ethoxy-4'-nitrobenzo- 
pheinme had been formed, together with the 4-ethoxy- isomer. The fact 
that a greater amount of 2-hydroxy-4'-nitrobenzophenone was formed 
than of the 4-hydroxy-4'-nitro ketone is due to the fact that an ortho- 
methoxy- group is saponified more readily than is the para- group."^^* 
The easy cleavage of the o-methoxy- is also shown in the condensa- 
ti(m of p-cresol methyl ether with p-nitrobenzoyl chloride: 


rn* viij 

+ r,r»^;>-N0. — r 1 ra O-Ko. + HO 

I 

ocn. onr. 


2-Methoxy-4'-nitro-5-inethylbeiuophenone (m.p. 101-102°) was fonned, 
but there was also fonned its hydrolysis product, 2-hydroxy-4'-nitro-6- 
iwthylbenzophenone, m.p. 142-143°. 

A meta-nitro-substituted benzoyl chloride may likewise be used in 
^riedel-Crafta acylation of phenol ethers. Thus phenetole, 3-nitroben- 
!5oyl chloride and aluminum chloride in carbon disulfide give 3-nitto-4'- 
enoxybenzophenone (m.p. 79-81°) which upon further treatment with 
aluminum chloride is converted to the corresponding hydroxy- compound, 
*nitro-4'-hydroxybenzophenone.‘^'* 

Upon dissolving 3-nitro-6-chlorobenzoic acid together with phosphorus 
pentachloride in carbon disulfide and subsequent addition of anisole and 
a uminum chloride, a nonnal condensation occurs 
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COCJ 



or Hi 





^NOi 


+ HCl 


The 3-nitro-6-ch]oro-4'-nnethoxyben2ophenone melts at 105°, 

Although Friedel-Crafte acylation of aromatic hydrocarbons does not 
usually take place with o-nitro aroyl chlorides, the reaction of o-nitro 
benzoyl chloride with anisole and aluminum chloride in carbon disulfide 
with cooling has been reported to give 2-nitro-4'-methoxybonzophenone.’^2' 

Amldo- and Imido- Acid Chlorides 

As with aromatic hydrocarbons, various amido- and imido- acul 
chlorides have been reacted with phenol ethers and aluminum chloriih* 
Benzamidoacetyl chloride (hippuryl chloride) condenses with vera- 
trole, or other 1 ,2-dialkoxy- benzenes, in the presence of aluminum chlo- 
ride to give compounds in which the hippuryl group is substituted in the 
para- position to one of the alkoxy- groupsJ^^ Veratrole, for example, 
gives 4-benzamidoacetylvcratrole (ni.p. 155'^) according to the scheme. 


DCHi 

OTHi 

+ TaTI* . roNH . CHiCOCl 


Airily 


OCIIi 

^ ^ocni 


-I- Hri 


COCHaNHCOCiHii 


Upon heating phthalylglycyl chloride with veratrole in the presence 
of aluminum chloride, ac-phthalimido-3,4-dimethoxyacetophenone is 
obtained ™: 


'/NrHa . ro-^^^”^-OrTT. 

OCHi 


Condensation of a- and )3-phthaliniido-propionir acid chlorides with vera- 
trole takes place in like manner. 

BSttcher™ has investigated the condensation of other phthalimido 
acid chlorides with anisole, veratrole, and dimethoxybenzenes. 

The decomposition of oxalyl chloride by aluminum chloride into car- 
bon monoxide and phosgene mokes it very difficult to prepare ortho- 
diketones by its use in the Friedel-Crafts reaction. Staudinger and 
co-workers ™ tried to overcome this difficulty by replacing oxalyl chlo- 
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ride with imido chloride derivatives of oxalic acid. With the methyl and 
ethyl ethers of 2-naphthol they secured 75 and 44 per cent yields, respec- 
tively, of the corresponding acenaphthenc quinones. 

Carbomyl Chlorides and Phenol Ethers 

According to Oattermann,™ phenol ethers react readily with carb- 
amyl chloride in the presence of aluminum chloride to give the corre- 
bponding acid amides, tlic reaction with anisole proceeding: 


OCUa OCHa 



CONHa 


The reaction is a general one for mono- or polyphenol ethers. Gatter- 
mann gradually added an amount of powdered aluminum chloride equiv- 
alent to the amoimt of carbamyl chloride used to a mixture consisting of 
1 molecular weight of the phenol ether and 1} molecular weights of 
rarbamyl chloride in carbon disulfide. If reaction did not occur immedi- 
ately, short heating on a water-bath was sufficient to initiate it. Acid 
amides were prepared from the following ethers: 

phenetole 

o-cresol methyl ether 
o-cresol ethyl ether 
p-cresol methyl ether 
p-cresol ethyl ether 
thymol methyl ether 
thymol ethyl ether 

Substitution occurred preferably para- to the alkoxy- group, or ortho- to 
d, if the p- position was not available. 

In 1885 Leuckart and Schmidt reported that phenyl isocyanate in 
the presence of aluminum chloride reacted with phenol ethers to yield ani- 
lides, the reaction probably occurring througli intermediate formation of 
phenylcarbamyl chloride and subsequent reaction of the acid halide with 
the ether: 


UCHi 

+ ClCXlNllCiUi 




OCIJ* 

I + iin 

CONUCaHs 


A similar reaction occurred with phenetole. Small quantities of aromatic 
nydroxy- acids were also formed during; the condensation, indicating 
^‘leavage of the methoxy- gi'uu]) and hydrolysis of the amide. p-Tolyl 
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isocyanate and naphthyl isocyanate reacted in a manner similar to phenyl 
isocyanate. Gattermann’s work on carbamyl chloride with phenol ethers 
was an outgrowth of this study. 

Reactants that yield carbamyl chloride may be used for the produc- 
tion of amides of phenol ethers. Thus, anisole with cyanic acid and 
hydrogen chloride in the presence of aluminum chloride gives anisamide, 
m.p. 162-163’’. Phenetole likewise gives the amide of ethoxybensoic acid, 
m.p. 201°. Both reactions take place readily, giving good yields of the 
amides.^” 

Aryl isothiocyanates condense with phenolic ethers in the presence 
of aluminum chloride to give thioanilides. Thus phenyl isothiocyanate 
(which probably is changed to the unstable phenylthiocarbamyl chloride 
during the reaction) reacts with anisole and aluminum chloride to give 
4-methoxythiobensanilide, according to the reaction: 


OClIa OCM, 



CSNIU'*lli 

In the same way, Tust and Gattermann prepared the thioanilide of 
phenetole. 

Chloroanisole and chloropkcnctole undergo like reaction.’'^" The reac- 
tion appears to be general for aryl isothiocyanates, for o- and p-tolyl 
isothiocyanate and m-xylyl thiocyanate have been shown to undergo 
analogous reaction with anisole and phenetole. i 

Reaction of alkylated phenol ethers, or of polyhydric phenol etliers is 
likewise effected. Thus thymol methyl ether and phenyl isothiocyanate 
with aluminum chloride give 2-methyl-4-methoxy-5-isopropyl thiobenz- 
anilide; resorcinol dieihyl ether similarly yields 2,4-diethoxythiobenz- 
anilide.'^*® 

Carbamyl Chloride and Ethers of Polynuclear Phenols 

Carbamyl chloride in the presence of aluminum chloride undergoes a 
Friedel-Crafts reaction with naphthol ethers to give amides. According 
to Gattermann,”* the reaction proceeds readily, for example with a-naph- 
thyl methyl ether according to the equation: 


OCHi OCHi 



CONHi 
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Kcaotion with a-naphthyl ethyl ether is analogous. With methyl- or 
ethyl-jS-naphthyl ethers, amides were obtained, melting at 186" and 161°, 
respectively. Their structure was not established. 

An amide of a-naphthyl ethyl ether may also be prepared by treating 
the ether with cyanic acid and hydrogen chloride in the presence of alu- 
minum chloride.™* 

Phenyl isothiocyanate in the presence of aluminum chloride reacts 
with 3 -naphthyl ethyl ether to give a thioanilide, CgHsNH.CS.CioHe.- 
OCsHb, m.p. lM-200°. The reaction probably occurs through intermediate 
formation of phenylthiocarbamyl chloride.™* 

Aryl isothiocyanates, which under the influence of aluminum chloride 
act as the corresponding thiocarbamyl chlorides, react with diphenyl 
ether to give the corresponding thioanilides. Thus diphenyl ether with 
phenyl isothiocyanate gives p-phenoxythiobenzanilide (m.p. 133°) prob- 
ably according to the reaction : 



C,H, . N('S 




f HCl 
CHNH . CbHs 


Similarly with ethylene glycol diphenyl etlier, a thioanilide of the for- 
mula C2H4(O.CflH4.CS.NHCoH5)2 ia obtained/** 

According to Gattermann/*® if carbamyl eliloride is reacted with 
diphenyl in the presence of aluminum chloride, only mono-substitution 
of the CONH 2 group occurs. However, with ethylene glycol diphenyl 
other, di-Bubstitution orcurp, the reaction proceeding: 


o— THa — CU j — 0 O — CTIa—CJU —0 



rONllg CONHt 


HeterocycUc Acid Chlorides 

Because pyridine does not undergo Friedel-Crafts acylation, pyridyl 
ketones are prepared by reaction of pyridine acid chlorides with the 
tiydrocarbou or ether. For example, reaction of picolinic acid chloride 
with anisole and aluminum chloride gives «-pyridyl anisyl ketone’'**: 


wrHaiojf**™"™ A. BoNdlyma. Str., U, IMO-llM (1890): J. Cfiem. Son. Abt., 51 (11), 914- 


™K. 

’"n. 


ud L. (httonuBn, Ber., a, 9918-9980 (1991). 
wtteniMaii, /. iprBjbt. CA«n., 99 (II), in-lM (1811) : /. OAem. Soe. A6«., 79 (I), 994 (1119) 
iUm., aM, M-TD (IBIS). 

Mid W. Ifartirldi, 0(r., 41, I041-1049 (1911) i C. A., la 798. 
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C.H. . 0 . CH, 


AICIi 


N 


C^COCrtU . O . Clli 

I 

N 


+ IICI 


Like condensation occurs with nicotinic acid chloride. 


Phenol Ethers and Sulpitr-containing Aotl Haijdes 

The reaction of thionyl chloride with phenol ethers in the presence of 
aluminum chloride with production of thio-cthers was described in 1894 
by Loth and Michaelis.^''^ These workers prepared thioanisole from ani- 
Bole. Tetrabromothioaniaole and thiophenctolc were also prepared from 
the corresponding ethers. These compounds were described as having 
tlie compositions; 

S(CJ1..0CH.)i 

S(C.H.Br.OCn.). 

S(C.H,OC,H,). 


These investigators added aluminum chloride to an npiiroximately ecpii- 
molecular mixture of the ether and thionyl chloride, and when the violent 
reaction was over they diluted the mixture with dry ether. The solution 
was then warmed on a water-bath to complete the reaction. Since sulf- 
oxides are reduced to sulfides by warming with thionyl chloride, the pri- 
mary reaction products may well have been sulfoxides: 

2C.H.OCH1 + soci. rii, . oc.ii. . SO . car. . o . cii, + 2HC1 


As a matter of fact Smiles and Le Rossignol have shown that sulf- 
oxides are the primary reaction products of ethers and thionyl chloride 
in the presence of aluminum chloride. These workers also prepared aro- 
matic Bulfonium bases by reacting phenol ethers with thionyl chloride, 
and then reacting the primarily formed sulfoxide with an additional 
molecule of phenol ether. With phenctolc, for example, the reaction for 
the production of triphenetyl sulfonium chloride is: 


(I) 2 Caii . 0 . cai> + HOCli * — V 2 HC 1 + SO(CtH4 . 0 . CiHdi 

(II) S0(C.H4 . 0 . C,H,), + HCl — ► (C,H4 . 0 . C,H4)iS(’l . OH 

(HI) (C.H* . O . CiH»).SCl . OH + (’ 4 H 4 . O . C.Hi + SOCI, 

HOi + 2HC1 + (C,H, . 0 . C,Hi).HCl 


Thus a mixture of phenetole and thionylchloride in the proportion of 
3 molecules of the former to 2 molecules of the latter yields, on treatment 
with aluminum chloride, almost exclusively the sulfonium chloride m 
practically theoretical yield. 


•* 8 . 


I«a and A. MieMli, Brt., V, IMf-M (18M). 
Bmlltti and K. I^e lioMiignol, J. Chen. iSoc,, •!, 


MO-rOS (IMS), 



KJSTONE SYNTHESES 


3S1 


The Bulfcodde is obtained by avoiding any excess of condensing agent, 
and by using one molecular proportion of thionyl chloride with two pro- 
portions of phenetole. It could be obtained, however, only in a 40 per 
cent of theoretical yield. 

The production of aromatic sulfinyl chloride postulated in the series 
of transformation resulting in the formation of the aromatic sulfonimn 
chlorides was later proved by Hilditch and Smiles, '''' when thqr suc- 
ceeded in preparing aromatic sulfinyl chlorides by the action of an excess 
of thionyl chloride on the sulfinic acids at ordinary temperatures. 

Thiophosgene, CSCI 2 , reacts with phenol ethers and aluminum chlo- 
ride, in absence of solvents, to give corresponding thioketones.^*’’ The 
reaction with anisole, for example, proceeds: 

C.Ui . O . CH. + CSCl. CS(C JI4 . 0 . CH.)> + 2HC1 

The thioketone (m.p. 115°) can easily be converted into -dimeth- 
nxybenzophenone. 

Other phenol ethers which have been found to undergo the reaction 
arc listed, together with the products obtained: 


Phsnol Ether 

Thinketono 

mp. ("C). 

Phenetole 

CS(CJ1..0C.H.). 

118-llB 

Ti-PropyJ phenyl other 

C8(CJi4.0CJl7). 

105-106 

o-Cresol ethyl ether 

CS(C.H.CH..O.CiH,)t 

117-118 

o-(>eHol methyl ethei 

? 

114 

o-Chloruanidolc 

CS(CJE1.C1.0CH.). 

178-179 

o-Chlorophonetolr 

T 

141-142 

o-Bronioanlisole 

CS(C.HiJBr.OCH.). 

188-190 


Treatment of o-nicthoxytoluene with 2-methoxytnlucnc-5-Bulfonyl 
f’liloride and aluminum chloride gives 6,6'-dimethoxy-di-m-tolyl sul- 
This is a normal Friedel-Crafts condensation: 


CHiO 


Clli 


BOsCl 



CUi 


CUg 




UUH. 


P-Tolyl methyl ether with o-carbcthoxy-p-cresol-S-sulfonyl chloride 
in the presence of aluminum chloride has been shown by Heppcnstall' and 
■^miles''*® to give 2-hydroxy-2'-methoxy-5,5'-dimethyldiphenyl sulfonc. 
licuzenesulfonyl chloride and p-tolyl methyl ether react analogously.”* 

Reactions of Acyl Chlorides with Phenols 

Early reports of aluminum chloride-catalyzed reactions stated that 
iiluminum chloride could not be used as a condensing agent with phenolic 

74n Q HUditoh utd B. ChailM, Rn-., 41, 4UI-41M (INS); /. Chan. Sot. Abt., N O) IB (IIN). 

'■> i:' u Btr., Hl HM-UrT (uiS). 

I'? (VwiT “O'! V. Bokfl. /. Indian Chan. Soc.. 7. SU-IW (ItW); Bnt. Chan. Abt.-K 

B Md B. BmUa, J. CSm. So*., SH-BOl («M). 

H. Simaai, B. Anhv, ual D. I. Rnadnll, /. Am. CKan. Soc., 41, 48S-( (IMO). 
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com^undfl.'** In 1897, however, a patent waa iaaued to Behn*" in 
which he claimed the pi^uction, in almost theoretical yield, of thymyl 
methyl ketone by the reaction of thymol with acetyl chloride. He used 
nitrobenaene as a solvent, claiming that its use waa very advantageous 
in that it serves as a solvent for the catalyst complex resulting from the 
Friedel-Crafts synthesis. With 10 g of thymol, he used about 50 cc of 
nitrobenzene, and then added to this solution an excess of the calculated 
amount of acetyl chloride. Thirty g of aluminum chloride was added 
gradually. The reaction occurred according to the scheme: 

rot'iii 




on 


The mechanism of Friedel-Crafts ketone syntheses with phenols lias 
not been satisfactorily elucidated. It may take place through primary 
esterification and subsequent Frie.s rearrangement* to the hydroxy- 
ketone: 


OCR 

OH I II on 



This theory is contradicted by several investigators, who believe that (lie 
Fries rearrangement is not a true rearrangement, but an intennoleculai 
acylation, proceeding through primary' hydrolysis of the ester, and sub- 
sequent introduction of the clc'avcd acyl group into the nurlciis of the 
benzene ring. 

The fact that aluminum chloride and phenols yield molecular eniii- 
pounds having the formula ArO.AlCls, which react with acyl halides te 
give hydroxy- ketones,^ also weakens tlie theory involving primary ester- 
ification and subsequent Fries rearrangement in the Friedel-Crafts syn- 
thesis of hydroxy- ketones. 

Rosenmund and Schulz reported that the process claimed by Behn 
was suitable for the preparation of numerous ketones, and especially fm 
the synthesis of monophenol ketones with long side chains. Less favor- 
able results were obtained with polyphenols and with compounds in whirl) 
the position para- to the hydroxyl was occupied. 

The procedure of Rosenmund and Schulz was substantially that uscil 

C. rritdd SDII J. M. CnfU, rand.. Id. !«» (UH). 

P. S5,WI (U(7) to a. Bohn: C. Z., ISN, 1, !». 

* See Chapter 16 . 

tSee pue 854. ,, / 

W; lloMiiiiiuitcl and H. Behulx, Areh» PkarmuM. B«r. dmAU Pharm, Ottn M5, 
inr, I. SIM. 
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by Behn. To the solution of the phenol in 5 parts of dry nitrobenzene 
about 1 mole of the acid chloride was added^ and then gradually, with 
cooling, the aluminum chloride (three times the amount of phenol used) . 
The reaction mixture was allowed to stand overnight before isolation of 
the ketone. In this way the following compounds were prepared from 
tlie indicated phenols and acid chlorides: 


Phenol 
Thymol 
Thymol 
Thymol 
Thy 111 oJ 
Thy 111 ul 

f;-M-FiO]jyl|>henol 

tj-n-Propyliihenol 

»i-/<-Pro]»yliiheuQl 

ri-M-Pro[)ylpbouol 

r)-/i-Propy]pbenol 

llesorcinol 

Pyrogallol 

Phloroglucinol 

Phloroglucinoi 

p-Cresol 


Aeid Chloride 

acotyl 

propionyl 

n-butyryl 

isovalctyl 

benzoyl 

acetyl 

propionyl 

Ti-biityryl 

iaovulcryl 

caprylic 

acetyl 

acetyl 

acetyl 

benzoyl 

acetyl 


Kiflono Obtainrd 

thymol methyl 
thymol ethyl 
thymol n^propyl 
thymol isobutyi 
thymol phenyl 
o-n-propylphenol methyl 
o-n-propylphenol ethyl 
o-ri^propyl phenol rir-propyl 
o^7i-propylphenol iaobutyl 
o-n-propylphcnol n-heplyl 
reaacotophenonc 
gallaceiophcnDDe 
phi oracetophen one 
bcnzoylphloroglucin ol 
o-o-diacetyl-p-cresol 


m.p. ("C) 

125 

112 

93 

108 

153 

87 

80-81 

64 

b.p. 220/28 mm 
60-61 
142 
167 
218 
I64r^ 

82 


The reaction of p-cresol and acetyl chloride was effecled as described 
above, except that 1.5 moles of acetyl chloride was used and the reaction 
mixture was heated for six days on a water-bath. Good yields were 
obtained in the reaction with resorcinol, but yields with pyrogallol were 
less. The method of prejiaration used here is nut advantageous with 
phloruglucinol because this phenol is little soluble in nitrobenzene. 

Using the same method, Rosenmund and Wha^*^ jirepared the 
2-hydroxy-6-p-cymyl methyl ketone (lu.p. 120®) from carvacrol and 
acetyl chloride. The corresponding ethyl ketone (m.p. 110®) and the 
propyl ketone (m.p. 90®) were also prepared. 

By the action of aluminum chloride on phenylacetyl chloride and a 
phenol dissolved in nitrobenzene, various hydroxy- derivatives of desoxy- 
henzoin, CflHtjCO.CHj.CuH-i, have been prepared. Phenol thus yields 
p-hydroxydesoxy benzoin 


n 



uki on 


A similar reaction occurs with o- or with m-cresol, yielding 4-hydroxy- 
-methyldesoxy benzoin or 4-hydroxy-2-methyldeBOXybenzoin.‘^^® The 
uce dihydroxy- benzenes — ^resorcinol, jiyrocatechol, and hydroquinone 


^ Wfea, Arch. Pharm., 2W, 407-41 
’“E. nWO); A Chefn. Soc. A6*., 

“‘•u, Monaff;i., 2irU40-lt«4 (1005^ A Chem, fioc. 


411 (1028). 

80, I, 004-005 (1005). 
89, I. 005-000 (1005). 
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— react in like manner to give the corresponding dihydroxyphenylben- 
eoins.™ 

Heating o-ercsol with cinnamoyl chloride and aluminimi chloride in 
an excess of nitrobenzene yields (4-hydroxy-3-methylphenyl) styryl 
ketone (m.p. 137°) according to the reaction 




+ C.H>CII : CflCOCl 


OH 


CO . CH : CH . CtllB 



+ HCl 


Rosenmund and Schulz advocated the solution of a phenol in 
5 parts of nitrobenzenej subsequent addition of acyl halide, and then 
treatment with aluminum chloride. By slightly varying this process, 
John and Beetz*^®- secured a 20-23 per cent yield of 6-iii-chloroacetyl- 
thymol. They dissolved thymol in 5 parts of nitrobenzene, and then 
added a solution of aluminum chloride in the chloroacetyl chloride. 

Carvacrol with propionyl, butyryl, or isovaleryl chlorides under biiui- 
lar conditions, however, gives 70-90 per cent yields of the correspoiidiiif; 
5-acyl-2-hydroxy-l-methyl-4-isopropylbenzencs.’^'* The reaction willi 
acetyl chloride gives lower yields.'^®^ 

In the Rosenmund process it is necessary tliut low temperatures be 
used. Sandulcsco and Girard reported that this need of cooling limits 
the method to the preparation of only small amounts of ketones. Anothet 
disadvantage is the large amount of nitrobenzene required. Sandulebcu 
describes an improved process which depends on the observation that 
1 mole of a phenol unites with 1 mole of aluminum chloride, with evo- 
lution of hydrogen chloride, with the formation of a product probably 
having the formula ArO.AlClo. This compound is almost liquid at 100' 
and of a rcsin-like consistency at room temperature. At 120-140° it 
reacts with acid chlorides, in the absence of a solvent, to form normal 
Friedel-Crafts condensation products of mixtures of o- and p-hydroxy- 
aryl ketones in yields of 80^90 per cent. In one operation, 1000 g oi 
more of phenol may be treated. The two processes were contrasted m 
the reaction of heptoyl chloride with phenol. In the presence of nitro- 
benzene the yields were found to be lower and the operating difficulties 
greater; 33 per cent of o- and 46 per cent of p-hydroxyphenyl hcx>l 
ketone was secured. In the absence of solvent, about 45-60 per cent ol 
0 - and 30-40 per cent of p-derivative are formed, together with a lit lie 
o-p-disubstituted derivative. In a series of similar reactions, the authois 
found that the o- compoimds are differentiated from their isomers by tlie 


Fiou* Mmatsh,, 3f, lllB-llU (IMA); A Chem. Soc. Aba, AS, I. M0-M7 (1M5). 

«G. Neurmth, Monatah., 27, 1145-llM (IBM). 

Jemn and P. heeu, J pfoht. Chm., 141. 171-174 (IMn; C. A., XL 120. 

John mad P. Bwts. J. prakt. Cfiem,, 143, 342-6 (108A); C. A., 20, TW. 

««B. John and P. Buets, A prakt. Chrm , 137. 3A1-364 (IBM); C. A., 27. 4^. a. 

Snnduleaeo ftnd A. Girard, BvU, aor. chim„ 47 (iv), 1300-1314 (Iw)); 
m riBBl); C. Z., 1031, I, on. Sw also A. W. Ralaion and S. T. Bauer, /. of Orp. Chrnn., 

■ 4-Crafta aasrlatlMi of phenol with oaprylyl, hwr^, palmitoyli and ateaioyl 
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solubility of the former in ethyl alcohol, insolubility in alkali, and lower 
melting and boiling points. The following ketones were prepared accord- 
ing to tlie new process, the o- and p- isomers both being secured in the 
reaction of phenol with the corresponding n-acyl chloride; 


Katgne 

bp. CC) 

m. p. ("O 

yield (%) 

o-Butyiylpheziol 

p-Butsrrylpheno] 

o-Valeiylphenol 

b. 119 
b. 1B7-18S 
bu 130 

10^10.6 

107-107.5 

45 

//-Vfllerylphenol 

bi. 197..5-198.5 


29 

i^-Caproy]phenol 

b,a 1423 

17.2-174 

66 

p-Caproylphenol 

bi. 207-208 

61 

34 

C7-Heptoylphenol 

b,. 155-156 

9.8 

48 

p-Heptoylphenol 

b. 214 

91-01.5 

41 

o-Octoylphenol 

bu 108-170 

223 

45 

7 >-Ortoylphcnol 

b» 224-226 

62 

36 

o-Nonoylphenol 

bu 180 

18 4 

55 

p-N nnoylphenol 

bu 232 

54.5 

35 


Rprrntly, Norris and Sturgis prepared the molecular compound 
Cr,HBO.AlCl 2 from phenol and aluminum chloride and reacted it with 
acelyl chloride in the absence of a solvent. The products of the reaction 
when 19.2 g of phenol was used were; 

o-hydroxyacetophenonc 133 g 

p-hydroxyacetophenone 51 g 

plienacctein 4.0 g 

The proportion of ortho- and paro- isomers is in accordance with the 
findings of Sandulesco and Girnrd,^®® who secured 45-60 per cent of the 
ortho- and 30-40 per cent of the paro-ncvl phenols with the complex 
r* iiHr.O.AlCb, also in the absence of solvents. The phenacetein produced 

i.s 2-(4')-hydroxyphenyl-4-anhydromcthyl-(l,4-benzopyranol), which has 
been shown to be a condensation product of the o- with the p-hydroxy- 
aeetophenone. 

The action of resorcinol and its derivatives with acetyl chloride has 
been investigated by-Desai and Ekhlas.'^*® Resorcinol treated with acetyl 
chloride and aluminum chloride in nitrobenzene gives only 2,4-dihydroxy- 
ttcetophenone. 4-Ethylresorcinol similarly gives only 2,4-dihydroxy-5- 
cthylacctophenone : 


rocHi 



OH 


In both cases, substitution does not occur between the two hydroxy- 
Woups. With 5-methyIresorcinol, however, two products, are obtained. 


K. D. Saai Md M. Bkblu, /Vns. Indian Aead. 8d. BA, 1B4-MI (IHB); C. A., 3U. SIM. 
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One 18 4,7-dimetliyl-5-liydnix>’(ouinarin (mp 258“) and the othei is 
orsaoetophenone, m.p 169-160° The coiimarm was formed by way of 
5-methyl-2-acetyI-l^-dihydroxybeiiEenp In thin rane nubstitution occurs 
between the two hydroxy- groups of renorcinol 

Roseninund and Lohfrrt picparcd aryl drrivutncs of pyrocatechol, 
hydioqumonc, and phloioglueinul by first diBsolving the phenol and alu- 
minum chloride in nitrobenzene and heating on a water-bath until hydro- 
gen chloride ceased to be evolyed The acyl chloiide was then added 
The preparations are listed: 


Phenol 

And Chlonrle 

Product 

\ipld f%) 

PyrocEitechol 

butyiyl 

acetyl 

but\ JTopyrocatechol 

27 

Hydroqumone 

acetylhydroqumoiiG 

propionvlhydroqumone 

40 

Hydroqumonp 

propionyl 

butyrvl 

40 

Phloroglucinol 

but 3 rry 1 phlorogluc]iiol 


Phloroglucinol 

L ipronyl 

rapron vlphloi oglucinol 

63 

Phloroglucmol 

isovaleryl 

iso\ alerylphloi oglucmol 



By the same mrthod, the following aroil dcnvativis were also pic- 
pared by Rosenmund and Rosenmund fiom pblornglucinol and thr 
indicated acid chloridcn 


Arn>I Chlon le Prixluct m p f'C ) 

Benzoy] bon 2 oyl])h]oi 0 |c]ucinol 165 

Phenylaoct>I phenylaretophloroglucinol 164-166 

Anisoyl iniso^lphloroglurinol 177-178 

(j>-Carbt thnxynw )-ben/o^ 1 1 C4-rrtrhnthnxyoxv)-2 4 6- 

tnhydroxybenzenc 172 


Cinnamoy] chloride iMth phloioglunnol yielded two unidentified cuin 
pounds* A, having the empirical formula Cr>Iiij()4 and melting at 202^ 
and the other melting at 210*^ Shinoda and Sato/’’^ who also worked on 
this reaction, secured, together with two other products, 5,7-dihydioxy- 
flavanone (mp 203-204'^), but they obtaincil no compound melting at 
210 ®. 

Rosenmund and Rosenmund^®® also reacted p-carbomethoxyox\cou- 
marylyl chloride with phloroglucinol, securing a flavanone (A) (m p ISd- 
184®) and a chalcone (B) (mp 160®) of tht following composition*' 


(A) 


(B) 


OH 



O 


ro CH nr C6H4 (o rnnriu) 

OH 


’'B* K W RoflenmUDd and H I ohf«rt Ber , il, 2801 2607 (1028) 

«»K W Rownmund Md M Rosnunund Ber 41. 28(MI-2|12 (1028) ^ iwi ill S 

« I Bhinod. uid B Sato, J Pham the Japan, 41 (558), 101-114, (500), IIT 110 114 12« ' 

SnI Cham Aht -A, 188 (IM), 
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Ueing oarbethoxyoxycinnamoyl chloride with phloroglucinol aad alu- 
minum chloride in nitrobenzene, Bhinoda and Kawagoye secured 6,7,4'- 
trihydroxyflavanone, together with two substances, m.p. 177° and 267- 
268% respectively. 

The condensation of most polyhydric phenols with cinnamoyl or 
/9-phenylpropionyl chlorides in nitrobenzene under the influence of alu- 
minum chloride at ordinary temperature leads to the formation of poly- 
hydroxy- derivatives of phenyl styryl and phenyl j9-phenylethyl ketones. 
With phloroglucinol, however, the isomeric flavanone derivative is the 
chief product. 

Thus, from phloroglucinol and cinnamoyl chloride is formed 5,7-di- 
liydroxyflavanonc : 


OH 

+ (’K'O. (’ll : Cll < 


oil 


CO 


AlCb^ 


\ / 

D 


Cllt 

Lll- 


\ 


Resorcinol with einnamoyl chloride, on the other hand, gives 2',4'-di- 
liydroxychalcone: 


oil 


J I + (iCO.CIl 
oir \/ 


CO , CU : Cll . (’ftll6 



oil 


The reason that resorcinol gives chalcone derivatives, whereas phloro- 
|!,lucin()l gives llavanonc derivatives, is that the presence of the hydroxy- 
Mi'oup lit position d makes the 2-hydroxy- so reactive that the inter- 
mediate chalcone compound undergoes a ring closure and changes over 
to the flavanone derivative. 


Table 15 


Phenol Aoid Chloritle 

UiiNDi cintd 
ilosiiiGiiinl 
PhloTogluDiEol 


cinnunovl 
S ■'Plivnylpropionyl 
cinnamoyl 




Product m.p. CO 

2,4-ilIhydrosyphenyl ityiyl keton« 151 

2,i-dihydrazpyhBnyl B-phenylethyl ketone 84 

2,4,6-irihydroxypbeDyl atyiyl ketone 1B8-180 

5,7*dihydroxyJ1a\ anone 208-204 

tririnnanioylphlorofflucinol 147.8 

2,4,0-triliyroa.tphetiyl (I-pbeoyletliyl ketone 120-121 

2,i,€-UThydrox3 pbenyl 4-methoxystyryl ketone 170 

5.7- dihydTosy -4'-metboxyllnvanone 103-104 

6.7,4'-triliydroxyllBVBnone 

227-228 

di-e-meihoxyoinnAmoylphlorogluctnol 214 

5.7- dibyi1r()xy-2'-mnthoxyflavanoiie 224-225 


8h inode end 
IW fi»iT 


M. Kinvagoyo, /, pharui, Sm, /span, 48, (SSO), 118-128 (1928); Brit. Cfwm. 



858 


ANHYDROUS ALUMINVU CHLORJDB 


Bbinoda and co-workers”* have done much work on reactions of 
polyhydric phenols with acyl halides for the production of chalcones or 
^vanones. Some of their results are summarized in Table 15. 

The reaction of chloroacetyl chloride with phenol was reported by 
Kunckell and Johannssen.''” Using aluminum chloride as catalyst and 
carbon disulfide as solvent, they could not obtain the expected p-u-chloro- 
acetylphenol; instead, with violent reaction, they secured the chloro- 
methyl ketone of the phenyl ester of chloroacetic acid. Similarly reacting 
dichloroacetyl chloride with phenol they obtained the phenyl ester of 
dichloTOBcetic acid, CHCU.COOCsHs, m.p. 33°. 

A phenyl ester was also obtained by Mayer and Zutphen when they 
reacted /9-chloropropionyl chloride with phenol in the presence of alu- 
minum chloride and carbon disulfide. The phenyl ester of /9-chloro- 
propionic acid (bu 132-135°) was obtained in 45-50 per cent of theo- 
retical yield. By treating the ester, under ice-cooling, with aluminum 
chloride, it was transformed into o-hydroxyphenyl j8-chloroethyl ketone 
(m.p. 70°) in 40 per cent yield, and the p-isomer, p-hydroxyphcnyl 
/9-cbloroethyl ketone, in about 20 per cent yield. The o-compound may 
be converted by aluminum chloride at 160-180° into chromanone (mp 
111°) according to the equation 


(T 

X/'COCUiCHiCl 


AlCIl 



+ HCl 


The Friedel-Crafts reaction of phenols with furoyl chloride has been 
studied by Gilman and Dickey.''®® The products from the indicated 
phenol and furoyl chloride with aluminum chloride are indicated: 


Fbisnol 

Plieaol 

Phenol (in cxcggb) 
Phenol 

Resorcinol 

Hydroquinonc 

Catechol 


fiolvant Products 

no I phenyl furoate 

Ip-furoylphenyl furoate 
CSi phenyl furoate 

CtUsNOi p-hydroxyphenyl furoyl ketone ( 2570 ) 
phenyl furoate (58%) 

CSf or 2,4-dihydroxybeJUoylfuran (80% yield J 

GSs or p-hydroxyphenyl furoate 

greenish blue product 


Condensation of o-chlorophcnol and bcnsoyl chloride in s-tetrarliloJi^- 
ethane at 120-130° was shown by Hayashi to give a yield of 44 per 
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rent of 3-chloro-4-hydroxybcnzophenone (m.p. 180-181°), a 17 per cent 
yield of 3-chloro-2-liydroxybenzophenonc, and a 30 per rent yield of 
fj-chlorophenyl benziialo. WjHj j^-cliloroplieiiol and l)eiizoyl Hilorido was 
similarly obtained an 8.5 per cent yield of 5-eliloro-2-hydroxybenzo- 
phenone and a 76.5 per cent yield of p-chlorophenyl benzoate. p-Chloro- 
phenol and o-toluoyl chloride similarly condensed to give a 78.7 per cent 
yield of p-chlorophenyl o-toluate and a 19.7 per cent yield of 5-chloro- 
2-hydroxyphenyl o-tolyl ketone. 

The conden.sation of phthaloyl chloride with s-naphthol was studied 
by Csanyi.'^®® An o-phthalein becomes the chief product if a-naphthol is 
fused with phthaloyl chloride and aluminum chloride, treated with stan- 
nic chloride, and warmed gently. The condensation without the presence 
of aluminum chloride had been effected previously by Werner, Sorensen 
and Palitzsch,^*^® and other workers, who had obtained a mixture of 
phtlialeins and phthalic ester. The formation of these products was due 
In the tautomeric nature of phthaloyl chloride, the symmetrical form 
yielding the eater, and the asymmetrical form the phthaleins. Since in 
ordinary phthaloyl chloride there is present only a small amount of the 
asymmetrical form, the tendency for the phthalate to form is predomi- 
nant. If aluminum chloride is present, however, the symmetrical chloride 
IS converted into the asymmetrical chloride and the velocity of phthalein 
formation becomes so great that the labile o-phthalein has a chance to 
form, 

/f-Naphthol with oxalyl chloride and aluminum chloride gives jS-naph- 
thofuran-l,2-dione, a yellow crystalline powder (m.p. 183°), the reaction 
probably occurring with primary condensation of the acid chloride with 
the naphthol hydroxyl, and subsequent ring closurc.'^^^ 

4-Phenanthrol undergoes Friedel-Crafts acylation, giving with pro- 
pionyl chloride and aluminum chloride in nitrobenzene solution the dike- 
tone, 4-hydroxydipropionylphenanthrene (m.p, 193°) in 70 per cent 
yield.’^’^* 

A series of mono- and diacylated derivatives of 2-hydroxy-9,10-di- 
hydrophenanthrene baa been prepared. The phcnanthrol was treated 
with acetyl, propionyl, or butyryl chloride and aluminum chloride in 
nitrobenzene solution at low temperatures.’^’*® 

A very comprehensive patent describes the condensation of chlori- 
nated aliphatic hydrocarbons of high molecular weight with a hydroxy- 
aromatic compound, and subsequent acylation of the resulting higher 
alkylated hydroxy aromatic compound with saturated or unsaturated ali- 
phatic aromatic, and aralkyl mono- or polycarboxylic anhydrides or 


W. Oi&nyi, SI, 17B8-17W (1019); C. A., 14, IMO (1000). 

5" -Soc.. 113, 30-31 (1018) 

, L- SSmiMn mid S. Pslitisch, Biachm. Z., 24, 884 (1010), 

« 40 Heimiifi Bt^udingn; C. Z., 1923, II. 573. rf. R. Stolid 

li Knebid, Bar., 54, 1213-1230 (1021); /. Cfiem. Boc. 

^'?'^*** Moaettlg, /. Am. Chem. floe., 80, 2400-2418 (1038). 

Ttin nd A. H. Stuart, /. Am. Chem. floe.. 61, 1-7 (1030). 
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halides Aluniiiiiiin rhltiride is used as rondensine agent for both the 
alkylation and the arylatinn. 


Phenols and Nitrogenous Acid Chlorides 

Phenyl isothiocyanatc, which in the presence of aluminum chloride 
reacts as the chloride of phenyl thiocarbamic acid, yields thioanilides 
Thus p-hydroxythiobenzanilide is formed from phenol and phenyl iso- 
thiocyanate. 

NH r.H, 

NH . ('.H. 


8C:N.C.n, 



Phenol + AlCli 


oa 


1-Naphthol reacts in like manner, Riving l-hydroxvnaphthalene-2-thio- 
anilide.^™ 

The general procedure, giving good yields, consists of grinding together 
the phenol, phenyl isothiocyanate, and aluminum chloride, permitting 
the mixture to stand for 24 hoiua, and then treating with water.’'^® In 
this way an 80 per cent yield of p-hydroxythinbenzanilide is secured from 
phenol. Similarly, the following thioanilidcs were prepared from the 
indicated phenol and phenyl isothiocyanate: 


Fb«nol 


o-Cresol 

m-CreBol 


p-CreBol 

HeBordnol 

Phlorogludnol 

o-Naphthol 

^-Napbthol 


TliicMiniljdD 

4-hydroxy-3-metbylthiobenEBiiilide 

4-hydrozy-2-niethy]tbiobensBnilide 

2-hydrov-6-mp^yIthioboncBnilide 

2,4-dibycfnaiytbiobeiUBnilide 

2,4,6-ttUiydrozythiobeacanilide 

1- hydroxy-2-tluoDaphthoic acid anilide 

2- hydroxv-l-thionaphthoio acid anilide 


Reaction of Ketones with Acyl Halides 

Ease of substitution in the benzene ring depends upon the aromaticity 
of the component to be substituted. The presence of a ketone group m 
the benzene ring decreases the aromaticity of benzene, and reaction, 
except under extreme conditions, is totally inhibited unless there are also 
present several highly activating groups which may facilitate introduc- 
tion of a second acyl group. Thus it is that although acylation of ben- 
zene results only in the production of monoketones, acylation of mesitv- 
lene or of durene may result in the production of diketones,”'^ and like 
treatment of polyhydroxy- phenols often results in production of the 
diacy] derivatives.”* Likewise, the three methoxy- groups and tne 
hydroxy- group of antiarol allow a diketone to be formed, 

"F. ^er and A. Mombrar. ««-, f2. IMl-lM (IIH). _ ^ 

*"R. Rivmt aad a Xhm, fftA. CMm. Aeta, U, ni-MO (MSI)! C. A., M, UN 
3"y. M«w and O. Favla, Sar., H, JH4-IMI (ISN) .. a ml 

(IHlf n-n (MU)! aril. CSmi. Abt-A, 
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aai 


OHiO 

OHy\.DCHi 

CH*Co\^COCHi 

OH 


upon condensation with acetyl cliloride and aluminum chloride^ cleavage 
of mcthoxy- occurring during the condensation 

Reaction of m-xylophenone with benzoyl chloride and aluminum chlo- 
ride at 170° results in formation of the diketone, 4,6-dibeQzoyl-l,3-di- 
methylbcnzene.'^®® Using a temperature of 200-220°, it has been found 
possible to acylate even benzophenone; 1,3-dibenzoylbcnzene (m.p. 100°) 
is formed, although in very low yield, upon treatment of the ketone with 
benzoyl chloride and aluminum chloride^®* 

^inec increased aromaticity facilitates acylation of the ketones, the 
presence of a ketonic group in polynuclear hydrocarbons does not inhibit 
further acylation. Treatment of 1-benzoylnaphthalene with benzoyl 
chloride and aluminum chloride at 30-35° gives a 60 per cent yield of 

1.5- dibenzoylnaphthalene, together with a 20 per cent yield of the 1^- 
isomeride. 1,5-Dibenzoylnaphthalcne may likewise be produced by treat- 
ing naphthalene with 1 molecular amount of benzoyl chloride and 
aluminum chloride, until evolution of hydrogen chloride has ceased, and 
then adding further molecular amounts of the acid halide and catalyst to 
the reaction mixture^^- Or, two molecular equivalents of acid chloride 
and catalyst may be added primarily to naphthalene in order to secure 
the diketone."'®* 

1-Benzoylnaphthalene with 4-chlorobcnzoyl chloride similarly yields 
4'-chloro-l,5-dibenzoylnaphthalene.’'®^ 

Acylated acenaphthenes have been converted to diketones. 5-Benzoyl- 
acenaphthene with benzoyl chloride gives a 50 per cent yield of 5,6-di- 
benzoylacenaphthene. Likewise, 5-acetylaccnaphthene and acetyl chlo- 
ride in the presence .of aluminum chloride gives a 70-80 per cent yield of 

5.6- diacetylacenaphthene.'^®® 

A diacylated fluorene has been prepared by condensing benzoyl chlo- 
ride with 2-benzoylfluoTene and aluminum chloride. 2,7-Dibenzoyl- 
fluorene (m.p. 193-104°) was secured. 

Acylated biphenyls and acyl chlorides give diacylated biphenyl deriv- 
atives. Silver and Lowy obtained p,p'-diacetylbiphenyl from methyl 
p-xenyl ketone and acetyl chloride: 


+ CHiCOCl ' - > CH.ro ^OCCH. 

■wop’ A. G. Perkin, and R. RobiMon. J. Cftrm. 5 dc., BC20 (1BI7). 

THin Ft. John. Per.. Cl S021-8039 (1B2B). 

TMi 5- r)i^ii^orf tf and A? Vardmol 255-264 (1235); C. A.. 30. 448. 

(1881); Brit. P. aTOJTOO (182^) to I. G. Farbenlndustne ; C. Z., 1129. I, 2287 
p, 878,288 (1088) to 1. G. I^benindiutrio ; C. A.. 27, 8722. 

to L G, Farbeninduetrie ; C. Z.. ifal, II, 1983. 

O- Farbeninduetrii. (1027): C. A., 23, 1411 
8. h. Silver nad A. Lowy, /. Aw. C/i«n. Soc.. H 2420-2431 (1084). 
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In the same way, from cblorometbyl p-xenyl ketone and chloroacctyl 
chloride there was obtained p^p'-bis-lcliloroacetyl) biphenyl. 

2,6-Dimethyl-l,2'-dinBphthyl ketone has been reacted with j8-naph- 
thoyl chloride and aluminum chloride to give 2,6-dimethyl-l,5-di-(2'- 
naphthoyl) naphthalene 



Benzanthrone or its derivatives may be condensed witli aroyl halidc'- 
Thus benzanthrone with benzoyl chloride gives bcuzoylbenzaiithruiii' 



Instead of benzanthrone may be used a-hydroxybenzanthronc or ben/- 
anthronequinoline. Benzoyl chloride may be replaced with chloro- 
benzoyl chloride or nitrobenzoyl chloride.''” 

In the preparation of vat dyes of the anthraquinone series the treat- 
ment of pyrene ketones such as benzoylpyrcne, p-bromobcnzoylpyrcnc, 
jS-naphthoylpyrene, and p-toluoylpyrene with aromatic acid halides ni 
the presence of aluminum chloride for the production of diaroyl pyrene-^' 
is described. The use of aluminum chloride together with an inert fluxmii 
agent like sodium chloride causes acylation and simultaneous dehydro- 
genation with ring closure to give pyranthrone derivatives'”: 


">L. F. Fiawr uid E. M. Dicti, S«r., «L 1827-1838 (ltz(). _ „ , 

■iBilt. F. StB.M (ins); OaniiMt P. 812^ (IMM) to I. Q. Farlii-DinilUBtriei C. Z-. 

718; C. S.. uaL I, Ml; ne N. X. Mothahmikwa, J. Om. Chtm. (V. B. B. ».), 9. U»-l (1^, 
C. A./ ^ preparation of cUbfausopyreneMumune from bonsuiiUirone and bonaoyl enu 

wHh Aldi-NaCI. _ to 

MoU, K. Moyor, and J. Donat, Bor., 79, 2iaD-»W (1017); V. S. P. 

Boho^ BIwer, and Dcaiat | o/. Bnt. P. ^liO^SOd (1080) to Boc. Cham. Ind. in Baillo ; Bnf* ^ 

810 ( 1817 ). 
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metkylpyranihrone 


The conversion of aryl a-naphihyl ketones into dibenzopyrenequinones 
by heating at 120-130° with an aroyl chloride and aluminum chloride or 
sodium-aluminum chloride in a current of air or oxygen is claimed in an 
I. G. patent.™ 

The presence of several substituents in a polynuclear ketone does not 
interfere with further acylation. 3,7-Diacetyl-2-hydroxy-9,10-dihydro- 
plienanthrene is produced from acetyl chloride and the 3-acetyl derivative 
in the presence of aluminum chloride.'^^^ 

A diacylated polynuclear hydrocarbon may be further acylated. 
Reaction of 3,9-dibenzoylperylene with benzoyl chloride and aluminum 
chloride gives a tribcnzoylperylene (m.p. 236-237®) in small yield."'"^ 

Reaction op Ahomatic Carboxy- Compounds with Acid Chlorideb 

Although the carboxy- group has an inhibiting effect on Friedel-Crafts 
acylations, several instances of reactions of this type are cited in the 
literature. In these cases it is the presence of a strongly activating 
group which permits normal reaction. 

Acids and Acyl Chlorides 

An attempt has been made by Kunckell to introduce the acetyl or 
rhloroacetyl group into the benzene nucleus of benzoic acid by the 
Friedel-Crafts reaction. Although he was not successful, he did succeed 
in arylating phenoxyacetic acid, the reaction proceeding: 

a O-CHi . COOII /VO-CIfi . COOH 

+ C1CH.COC1 — > r T + HCl 

C . CHbCI 


The product is p-(chloroaoetyl)phenoxy acetic acid, m.p. 146-147°. 
Kunckell added 25 g of powdered aluminum chloride within a period of 
two minutes to a mixture consisting of 6 g of phenoxyacetic acid, 15 g 


I- Q-: Bn*- Abi.-B, MT (1W9). 

4-krto-7 iJSl?*** /. Am. Chmn. Sue., 61, 1-7 (lOWO. Bee ileo the eynth^ of 

from 4-keto-7-meth0iiy-1.S,8.4-tetrAh3Fdro- 
J'opoii ■■ i^wted by M- Miyedika end B. Nomure, /. Pharm. Soc. 

®A (»«); C. A.. % 7M9. ^ ^ 

■"“P. RuSSrii n®’ * IW-IM aw®. 

■ Ber„ 18, MOS-SQll (19W). 
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of chloroarctyl chloride, and 20 g of carbon disulfide. Thu reaction 
occurred immediately, and the entire mass became solid. The reaction 
flask was then placed in almost boiling water and within about thirty 
minutes a part of the reaction mass liquefied. The product is obtained 
by the usual decomposition of the catalyst complex and recrystallization 
from hot water. 

Here not only the presence of the ether linkage but also the aralkyl 
character of the acid permits reaction. Thus, in spite of the fact that 
ethyl benzoate is acylated difficultly, if at all, ethyl phenylacetate easily 
undergoes Friedel-Crafts acylation.*^^^ 

An unusual reaction is the condensation of salicylic acid with stearoy] 
chloride to give 5-stearnyl-2-hydroxybenzoic acid (m.p. 117-119°) accord- 
ing to the scheme: 


OH 


OH 



C, 7 lT«COCI 


AlCli^ 


^rooH 


+ HCl 


COCitHh 


The reaction, ofTected in 5 parts of nitrobenzene solution, takes? jiiacc 
smoothly.’”® The method used resembles that of Behn and of Rosen- 
mund and Schnurr for the acylation of phenols; hence esterification of 
the hydroxyl is prevented. The presence of the hydroxy- group activates 
the condensation. 

Esters and Acyl Halides 

Acylation of esters presents the same difficulty as it does in the rase 
of acids. Unless the ester possesses superaromatic properties, that is, 
unless the electronegativity of the ester is increased by the presence of 
strongly electronegative groups, Friedel-Crafts acylation does not occur 
In the few instances in which condensation of an ester of unsubstituted 
benzoic acid with an acyl halide is cited, hydrolysis of the ester occurs 
Esterification of the resulting hydroxy- compound then occurs; or more 
rarely, the product is an acyl derivative of the phenol. A study of thf’ 
mechanism of such reactions is further complicated by the possibility 
that the hydroxy- ketones obtained may have been formed by Fries 
rearrangement. 

In 1883, Senff,’®'* reported that the reaction of benzoyl chloride on 
ethyl benzoate gives m-benzoylbenzoic acid: 


C.HbCX)C1 


r«iiirooc»Hii + Ainu 


> CsHiCO . CiHi . COOH 


w*F. Ximekdl, M09-MU (IMS). , «cul 

«F. SeidBl ud 0. fangelfriad, Btr.. «l, 26W-IM1 Far reaction 

with phUwlorl ohloiidoi iee R. Wm md W. KnMp, Monati/i., [^10-19 (inS): Ci A., Ui 
P. M.M)1 (IWTJ to Rioluird BehiiTo. X.. llUr I, im . 
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Here the aluminum chloride reaction complex first formed was treated 
with dilute sodium hydroxide to effect saponification. The yield of 
m-bensoylbensoio acid was very nnall; the bensoyl chloride seemed to 
condense with itself. 

In 1879, Doebner and Wolff''"* reported that condensation of hydro- 
quinone with benzoyl chloride gives hydroquinone dibenzoate which, upon 
subsequent reaction with benzoyl chloride and aluminum chloride at 
190-200° without a solvent, yields 2,5-dibenzoylhydroquinone dibenzo- 
a(o, probably according to the scheme: 


u 

II 

O C-Ci[Ji 


^ 4- 2C'.II.COCl 

Y 

U -c- ( iH# 




0 

II 

O C folio 
^\yCVCnH^ 

1 

O-C-folIo 

II 

O 


+ 2iicn 


The diacylated dibenzoate, however, was not isolated, since it could 
not be crystallized. Saponification of the crude reaction products gave 
the dibenzoylhyclroquinone, so that intermediate formation of the acy- 
lated ester w^as assumed. 

More recent work show's that in the acylation of hydroquinone diben- 
zoatc, saponification of the ester occurs during the reaction. Thus 
Finzi®”® reports the production of monobenzoylhydroquinone by treat- 
ment of the dibenzoate w'ilh benzoyl chloride and aluminum chloride in 
nitrobenzene solution. Bogert and llow'clls were unable to repeat 
Finzi’s results. Tlicy were also unable to duplicate the work of Doebner 
and Wolff, securing in the condensation of hydroquinone dibenzoate and 
two moles of benzoyl chloride with aluiniiiuin chloride only about a 2 per 
cent yield of dil)enzuylhydroqiiinone. By inaiiitaining the temperature 
at 200-205^, however, and adding the catalyst in small jiortions over a 
period of 48 hours, a 12-15 per cent yield of dibenzoylhydroquinone was 
obtained. According to Dischendorfer and Verdino the diketone is 
probably 2,6-dibenzoylhydroquinone. 

Reaction of phenyl acetate with o-phthaloyl chloride and aluminum 
chloride does not yield the acylated ester. Instead, a little phenol- 
phthalein, sym-diphenylphthalate, and a gum are secured.®®® 

The ester is also hydrolyzed in the condensation of phenyl benzoate 
with furoyl chloride and aluminum chloride in nitrobenzene. Here 


"*0. Doabnir and M. WoUf, fiw., 12, Ml-ISB (1B7». 

F Monaisk., 26, 1119-1188 (1905). 

M. T. Bogwt and H. P. Howella, /. Am, Chem. 3oc., 52, 837-850 (1990). 

0. Dlachendorfar and A. Verdino. AlOntUsh., ii, 255-284 (1936); C. A., 30, 449. 
ninthly’ 8I» 176-182 (1931); Bn<. Chmn. Abi.-A, 1392 (I»l). For rMto with 

3851 * M« R. WeiM iiml W. Knapp. Mimatsh , 90, 10-15 (1998); C. A., 22, 
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]»-bydrozypheiiy] furoyl ketone is secured in 32 per cent yield. Only a 
7 per ooit yield was obtained by using carbon disulfide as solvent.^* 
a- at /9-Dinaphthyl carbonate has been condensed with carboxylic acid 
chloridee in the presence of aluminum chloride.^ 

Benaoyl chloride with /9-dinaphthyl carbonate and aluminum chloride 
in tetraohloroethane at 40-70° yields hydroxynaphthyl phenyl ketone, 
m.p. 172-173°. Here cleavage of tiie dmaphthyl carbonate results, and 
the product is the acyl derivative of the resultmg naphthol. 

The reaction may likewise be effected with chloro-8ubBtituted~benzoyl 
chloride: 

O— CO— O COCl OH 

o5 

o=c Cl 


With esters of aralkyl acids, however, acylation without ester hydroly- 
sis is obtained. Eunckell describes an acylation of the ethyl ester of 
phenylacetic acid. He slowly treated a mixture consisting of 7 g of tho 
ester, 15 g of chloroacetyl chloride and 25 g of carbon disulfide with 25 g 
of powdered aluminum chloride. Reaction begins immediately and is 
completed in two hours. It takes the following course: 


CHiCOOCiHi 



+ ClCHiCOCl 


AlCIi 


CHiCOOCiHi 



c=o 

\ 

CIliCl 


+ HCl 


The product is the ethyl ester of p- (chloroacetyl) phenylacetic acid (.niii 
66-68°), which is obtained in good yield. According to Kunckell, not 
only halogenated acid chlorides, but also non-substitutod acid chlorides 
or bromides may be used in the reaction. 

An o-hydroxy- group is sufficiently activating to permit nornml 
Friedel-Crafta acylation. 

The reaction of benzoyl chloride with esters of salicylic acid wa'^ 
studied by Limpricht who reported that the reaction proceeds accord- 
ing to the equation: 


irav. ehm., S2, M-IM (ItU); C A, V, Mm 
_;^b<nundiuUio, C. A , 25* 3358 
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A mixture of equivalent amounts of benzoyl chloride and the salicylate 
in carbon disulfide was slowly dropped into aluminum chloride in the 
same solvent. Using this method the following products were obtained: 


methyl 5-benzoylsalicylatc, CaHi.CO.CtHi(OH).COOCH 3 , m.p. 92* 
eiliyl ^benzoylkrlicylate, CJIii.CO.CA(OH).COOCiH^m.p. 07^ 
phenyl S-benzoylsalicylatc, Cdi5.O0.CJEU(0H).C00Ci£U, m.p. 84* 


rn-Nitrobenzoyl chloride with salicylates was found to react similarly. 

Upon treating the ethyl ether of ethyl salicylate with benzoyl chloride 
and aluminum chloride in carbon disulfide, the following reaction 
occurred: 



+ c.Tiat on 


Ainu 


rOOCaRB 

^o-ro . CbHb 


The diesler obtained melts at 79°, At the same time ethyl 5-benzoyl- 
salicylate (m.p. 97°) 



is also formed. Obviously, cleavage of the ethoxy group occurred during 
the reaction, and some of the benzoyl chloride reacted with the resulting 
hydroxy- group to give the benzoate. 

The same type of reaction also took place when the ethyl ester of 
m-hydroxybenzoic acid or the ethyl ester of m-ethoxybenzoic acid was 
treated with benzoyl chloride and aluminum chloride: 


COOCaH* COOCaHi 

4 ColI.COCl — ► 

OH 

ethyl enter qf 
m-hydroxybenznic acid 

A ketone could not be prepared by this method. 

In a subsequent study of the action of benzoyl chloride and phthaloyl 
chloride on esters of the three hydroxybenzoic acids, Limpricht sum- 
marized their different behaviors as follows: 

(1) With the esters of o-hydroxy benzoic acid regular acylation 
occurs, the chlorine of the acyl chloride uniting with a hydrogen 
from the benzene nucleus: 

•■H, Limptioht, Atm,, m, S74-28B (IBOB). 



^O . ro . CiUb 


+ nci 



aes 
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r r>r>ii 

1 


CiHiCOC 


'1 + 


OH 


POOR 
,OIl 


or, 


r\' " I iin 

C.IIjCO'N/' 
benzoyhaheylaie 


C.II. 




COOR\ 


C(CI). C(X)R 

+ 2Cai,^H — 

^CO 


C\ ^OII 

/ \ 

C.II. o 

\ / 

CO 

rfi'iahcylatr phihalule 


+ 2HC1 


(2) With m- or p-hydroxybenzoatps, the phenolic hydrogen unites 
with the chlorine of the acid chloride: 


C.H,COCl 


root ill. coot'iiT. 

' I 

f I H HCl 

IHI ^"'‘O.ro C'hTIb 

htuznylitjyl^ffigojt and fthyl PAtfr 


cjr„. 

C.H4 0 + 


COOf'.ll. 

/ 

r.H.'' 

\ 

OH 


C(OC.II.t'OOC,H.). 

C.II. o + 2Hri 

phthaloyloxyhmzoif and ethyl ester 


According to Limpricht, phthalic anhydride doen not react with saliry- 
lates with formation of phthalyl compounde. 

The action of benzoyl or phthaloyl chlorides on m-, and p-amino- 
beneoic acid ethyl esters in the presence of aluminum chloride was alsn 
studied. It was found that the N-hydrogen was replaced by the aol 
residue: 


NH. 

CJl/ 

'^COOC.H, 


+ CiHiCOCI 


NHa)C,H, 


C’.H. 


/ 

^COOC.H. 


+ HCl 


cp), 

C.H. + 2NH, . C.H. . COOC.H, - 

r(HN . C.H.COOC.Hi)i + 2110 
C.H, 0 
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l^fothyl p-oreellinale dimethyl ether has been reported to undergo 
normal ^edel-Crafte acylation with acetyl chloride and aluminum chlo- 
ride in nitrobenaene solution to yield methyl 6-mcthylrenacctophenone-3- 
carboxylate-4-methyl ether. Here, a number of activating groups permit 
reaction.*** 

Reaction or Obganic Siji.fub Compounds with Acm Halides 

Thiophenols and Thioplienol Ethers 

Although Friedel-Crafts acylation of thiophenol hae not been reported, 
alkoxy- derivatives of thiophenol readily undergo the reaction. Thus 
3 -metho 3 ty- or ethoxythiophenol with acetyl chloride and aluminum chlo- 
ride in carbon disulfide yield normal acylation products 


COCHt 



OR OR 


Introduction of a methyl group in-stead of the alkoxy- group into the 
nucleus does not have a suflSciently activating effect to permit reaction, 
for no condensation occurs with p-thiocresol and acetyl chloride under 
the .same conditions.*** 

As the aromaticity of the thiophenol and the activity of the acid 
chloride are increased, however, condemnation occurs more readily. Reac- 
tion of )ff-thionaphthoi with oxalyl chloride and aluminum chloride results 
m the production of j8-naphthathiofuran-l,2-dionc, m.p. 153°. The 
reaction probably proceeded tlirough the intermediate introduction of the 
COCOCl group, and subsequent ring closure.*** 

Increasing the aromaticity of the thiophenol through etherification 
likewise permits condensation. Thiophenol ethers are easily acylated. 
Condensation of the ethyl ether of thiophenol with bensoyl chloride in 
carbon disulfide at ordinary temperature results in an 80-^ per cent of 
theoretical yield of phenoxyphenyl ethyl sulfide, m.p. 82-83°: 

C.H1A.C.H, + CiH.COCl C.HiiS.C.H.COC.H, + HCl 

A like reaction occurs when benzoyl chloride is replaced by acetyl chlo- 
ride.*** 

Condensation of thiophenol methyl ether with o-phthaloyl chloride 
and aluminum chloride in carbon disulfide proceeds with formation of 
thiophenolphthalcin dimethyl ether (m.p. 99-100° j which is secured in 
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50 per cent yield.®’* Like treatment of the methyl ether of p-bromothio- 
phenol, however, Rives 2',7'-dibromo-l-thiafluoran (m.p. 214-216°) in 
1 5 per cent yield.®’" 

As would be expected, ctliers of alkylated thiophenols undergo Friedel- 
Crafts acylation even more readily than do the corresponding unsubsti- 
tuted compounds. p-Tolyl methyl sulfide, for example, reacts with acetyl 
chloride to give almost a quantitative yield of 2-acetyl-4-methylphenyI 
methyl sulfide (m.p. 51.5®) aecording to the scheme®’®: 


COCHi 


"U., 


f CHiCX)Cl 




CHiSy^ 




+ HCl 


Reaction of p-tolyl methyl sulfide with chloroacotyl chloride and alu- 
minum chloride, on the other hand, results in the formation of 4-methyl- 
2-ketodihydrothionaphthene (m.p. 102°) in a 50 per cent of theoretical 
yield. The reaction probably proceeded with intermediate formation of 

0- (chloroacetyl)p-thiocre6ol, but this primary product could not be iso- 
lated. Cleavage of the ether linkage also occurred during the conden- 
sation, the final product being formed according to the scheme; 

CHiv/\ /CHis/V( DC UaCl\ 

T 1 + ClCIUCOCl — ► ( T T ) — ► 

“XX>- 

Ring closure is also effected in the condensation of p-tolyl methyl sulfide 
with o-phthaloyl chloride and aluminum chloride. Here 2',7'-dimethyl- 

1- thiofluoran is obtained in 55 per cent yield.*” 

Diphenyl sulfide condenses with oxalyl chloride with substitution of 
both chlorine atoms to give 4,4'-diphenylthiolbeDzil ®’® 

CICO . COCl + 2C JT, . 8 . C.H, 

Crff. . S . C.H4 . CO . CO . C.H4 . 8 . C Jl. + 2HC1 


Thiophenol ethers, like phenol ethers, condense readily with carbamyl 
chloride with production of the corresponding acid amides,®’* the reaction 
with thiophenol ethyl ether proceeding: 


C.H..S.C.H. + ClCONHi 


AlCIi 


C.n. . S . C.II4 . CO . Nil. + HCl 


»W Knapp, UcMMt.. Si, W-7S (IM); (7. A , M, NH. 

■»W. Knapp, Mon>a*h.. M, IN-IU (IHO): C. A . M. BOM. 
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~>W. Ddttav. 0. K. Flam ind W. Bshommiir. /. prakt. Chm.. 141. IBl-MS (UM)- 

r, Auvera bbiI C. Beger, Bet,, 17, 17I8'1741 (IBM). 
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Kranslein has indicated the possible usefulness of N-acylated aro- 
matic amines in the preparation of therapeutically active sulfanilamides. 
Thus, condensation of d-acetylaminobensosulfanilide with dimethyl- 
amino-N-sulfocbloride yields 4'-aoetylaminobensoBulfaniline-4-dimethyl- 
sulfamidc, which upon saponification gives 4'-aminobenzoBulfani]ine-4- 
dimetliylsulf amide: 


CH. . CO . NU-<;^^-SOi . + CISO. . N<( 


CHi 

CH. 


AlCl*. 


CH, . CO . . NII--<(^^2]>-g!0,N<:[^ 


IH. 

Cl 




Tlic final product compares vcr>' favorably with medicinals of the Pron- 
tosil type. 

Heterocyclic Compounds of Sulfur 

Thiophene 

Thiophene is one of the most easily substituted ring compounds; hence 
it enters readily into Fricdcl-Crafts reactions with acid chlorides to give 
mono-acyl substituents in the 2-position: 



+ RCOCl 


Airii 



+ HCl 


The use of aluminum chloride as catalyst in this synthesis has not 
been very generally accepted because it entails strict observance of detail 
in experimental conditions. Thus, Minnis points out that thiophene 
and aluminum chloride react vigorously in carbon disulfide suspension. 
In the preparation of phenyl thienyl ketone, he secured 88-90 per cent 
yields if a solution of benzoyl chloride and thiophene in carbon disulfide 
is added to a suspension of aluminum chloride in the same solvent. If, 
however, a carbon disulfide solution of the acid chloride was added to a 
suspension of thiophene and aluminum chloride, much tar was formed, 
and a low yield of the ketone resulted. 

The preparation of phenyl thienyl ketone had been first reported by 
Coiuey ,®22 treated a mixture of crude thiophene and benzoyl 

chloride with aluminum chloride. Comey noticed the evolution of hydro- 
gen sulfide during the reaction. The preparation was repeated by Mar- 
cusson,®** who recommended that an excess of benzoyl chloride be 
employed, and that heating be dispensed with. According to Ernst, 
the use of an excess of solvent was found to be advantageous in the 


rtw ong, rhemus., 51, 87B-M1 (1938). 

a T’ Organic SjnitfutiNn, 12, 62 (1932). 

■ J W. 790-791 (1W4). 

up ^ 9467-9463 (1898). 

Bnmi, Bet,, if, 8M-838I (1886) 
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reaotioD. He readily obtained tolyl thienyl ketone by the action of 
o-toluyl chloride on thiophene m ten times the volume of petroleum ether 
with aluminum chloride. 

Obviously, these early workers were attempting to mitigate the action 
of aluminum chloride on toluene. This same development is seen in the 
reaction of aliphatic acid chlorides with thiophene, The preparation of 
methyl thienyl ketone was first reported by Peter, who dissolved thio- 
phene and acetyl chloride in petroleum ether and treated the resulting 
solution with aluminum chloride. He secured a 50 per cent of theoretical 
yield of the ketone. The same metliod was used by Krekeler in the 
preparation of ethyl or propyl thienyl ketones, and by Schleicher in 
the preparation of hexyl thienyl ketone. 

Biedermann secured a 90 per cent yield of methyl thienyl ketone 
by adding 150 g of aluminum chloride to a solution of 50 g of thiophene 
and 55 g of acetyl chloride in 550 g of light petroleum. After hydrogen 
chloride was no longer evolved, even upon heating, the solvent was 
decanted and the residue again treated with 5 g of acetyl chloride and 
aluminum chloride. Here, it is noticed the catalyst did not come into 
contact with the thiophene previous to the reaction. Subsequently, Brad- 
ley improved this procedure to secure an especially pure product by 
adding a solution of thiophene and acetyl chloride in petroleum ether veiy 
slowly to aluminum chloride suspended in an excess of the same solvent 
Except for the use of carbon disulfide instead of petroleum ether as sol- 
vent, this is the procedure which was used by Minnis in his prepara- 
tion of phenyl thienyl ketone. 

The same procedure has also been used by Stemkopf and Wolfram 
in the preparation of ethyl thienyl-2-glyoxylate. Here one mole of thio- 
phene and one mole of the ethyl chloroglyoxylate in five times the volume 
of petroleum ether were added with stirring to one mole of aluminum 
chloride also in five times its volume of petroleum ether. The yields of 
ethyl thienyl-2-glyoxylate tlius prepared ranged from 47.5 to 57 per cent 
of the theoretical. The reaction is similar to that of the preparation oi 
ethyl phenylglyoxylate, as described by Bouveault.®®^ It proceeds prob- 
ably according to the equation: 



CIOC . COOC’.H. 




C-COOraUi 


The condensation of thiophene with diethylmalonyl chloride has been 
investigated by Freund and Fleischer Although aromatic hydrocar- 
bons under the same conditions condense with alkyl-malonyl chlorides to 
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give indandiones^ with thiophrnr riii^ clORure dnefl not occur, the product 
being a mixture of diethylthiophenoylmethane (m.p. 146-147") and 
diethyldithiophenoylmethanc, m.p. 152-163®. 

Bteinkopf and his co-workers preferred to use phosphorus pentoxide 
as catalyst in the synthesis of thienyl ketones from thiophene and acid 
rhloride or acid anhydride.®^® By this method they secured from pro- 
j)ionyl chloride and thiophene a 42 per cent yield of 2-propiothienonc. 
2-lBovalerothienone was prepared in 67 per cent yield using the corre- 
sponding acid chloride. 

Recent literature®®^ indicates interest in the use of stannic chloride 
as catalyst in the reaction. Phenyl thienyl ketone is reported to be pre- 
pared in 82.5-92 per rent yield by this method, and methyl thienyl ketone 
in 96 per cent yield. Stannic chloride has also been claimed as catalyst 
in the production of thienyl alkyl ketones by reaction of thiophene with 
acid chlorides of 11-17 carbon atoms.®®* 

Much work has been done on the acylation of halogenated thiophenes. 
Gaitermann and Romer ®®® acetylatcd 2- and 2,6-brorao- or iodothio- 
phenos and concluded that in the acylation of the dihalogenated deriva- 
tives, the acetyl group displaces one of the halogen atoms, thus yielding 
tlie compound as is obtained by acetylating the monohalogenated 
derivative. In both cases the product was 5-lialogeno-2-acetylthiophene. 
Steinkojif and Jacob, however, report that the reaction of 2,5-dibromo- 
tliiophene, acetyl chloride, and aluminum cliloridc gives 2,5-dibromo-3- 
ncetothienone. Steinkopf and co-workers have reacted acetyl chloride 
and benzoyl chloride with various mono-, di-, tri-, and tctrahalogenated 
thiophenes in the presence of aluminum chloride.®*® 

The reaction of a number of brominated methyl- and ethylthiophenes 
with acyl chlorides in the presence of aluminum chloride has been studied 
hy Steinkopf.®*® Derauth ®^® has described the acetylation of iodoethyl- 
thiophene. 

The reaction of alkylated thiophenes with acid chlorides in the presence 
of aluminum chloride proceeds quite regularly. Some acylations of alkyl 
tliiophenes arc listed in Table 16. 

In the reaction of thiophenyl acetate with phthaloyl chloride and alu- 
ininum chloride, hydrolysis of the ester occurs, with formation of nsym~ 
diphenyl dithiophthalate.®^' In spite of the fact that substitution in the 
thiophene series occurs more readily than in the benzene series, here, too, 
the presence of the carboxy- group inhibits acylation. 

The reaction of carbamyl chloride with compounds of the thiophene 
series in the presence of aluminum chloride has been investigated by 


55®»“tcoDl Slid I. Schubmrt, Ann., 424, 1-23 (IMl). 
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AlkylnM 

Aoid 

TmUe 16 


thiaphene 

Ohloride 

Prodint 

Ref. 

3-MefAiyl 

acetyl 

3-ine1;hyl-2-acetylthiophene 

1.2 

2-Methyl 

acetyl 

2-methyl-5-acetylthiophenB 

8 

3-Methyl 

benzoyl 

3-methyithienyl 6-phenyl ketone 
3-methylthieiiyl 2-phenyl ketone 

13 

2-Bthyl 

benzoyl 

2-ethyl-5-benzoylthiophene 

11 

2-Bthyl 

acetyl 

5-ethyl-2-acetylthiophene 

B 

3-Ethyl 

acetyl 

3-pthyl-2-acetylthiophene 

3 

Ethyl 

oeonthylic 

cthylthienyl hexyl ketone 

8 

2-Propyl 

acetyl 

5-propyl-2-aoetylthi pphene 

5 

3-lBqprDpyl 

2-tirOctyl 

acetyl 

3-(or 4)-iaopropyl-2-acetylthiophene 

6 

acetyl 

5-n-octyl-2-acetylthiophpnc 

7 

2,5-Dimethyl 

acetyl 

2,5-dimethy]-3-acetylthi ophene 

5,10 

2,5-Dimpthyl 

benzoyl 

2.5-dimpthy]-3-benzoylthj ophene 

4 

Diethyl 

JZp/enflficnf 

acetyl 

a CP tyldi ethylthi ophrnc 

9 


1. R. Demuth, B^r., U, m4.8026 (1885). 

S. M. 0«riMh, Atm., 267, 145-170 (1802). 
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8. H. Ruffl, Bar,, Bk 1740-1750 (1887). 
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7. E. vcm Snhweimti. Ra-.. 19, 044-040 (1880). 

8. E. Bebldeher, Rer., 18, 8015-8028 (1885); Bcr , 19, 800-870 (1880) 

0. F. MuMort, Rsr.. 19, 883-030 (1880). 

10. F. Baberftfb, /. Rimi. PhyE^Chmm. Boc., 45, 1030-1040 (1013); C. Z , 1914, I, 1003 
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Gattermann.®^* With 3-nicthylthiopheiip it yields the aroidc of S-methyl- 
thiophene-2-carbo5cylic acid, m.p. 119°: 



+ CTCONII, 


AlCU 



With 3,4-dimethylthiophcne, carbamyl chloride gives the amide of 3,4-di- 
methylthiopheiie-2-carboxylic acid, m.p. 115-116°: 

JT' 

8 


Trimethylthiophene reacts similarly, giving trimethylthiopbenic acid 
amide, m.p. 146-147°. 

In 1885, Leuckart and Schmidt reported that thiophene with phenyl 
iaoqranate yielded the anilide, C 4 SH 3 . CO . NHCgH,, the reaction taking 
place with intermediate formation of phenyloarbamyl chloride (from 
phenyl isocyanate and hydrogen chloride evolved by aluminum chlo- 
ride) and subsequent reaction of the acid chloride with thiophene. Gat- 
termann's work on carbamyl chloride with thiophene derivatives ^ was 
based on this reaction. 
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Misc«UaMous Heterocyclic Compounds of Sulfur 

Other sulfur-containing heterocyclic compounds have been acylated 
in the presence of aluminum chloride. Thianaphthene and acetyl chlo- 
ride with aluminum chloride in carbon disulfide gives methyl thianaph- 
thyl ketone (m.p. 64°) in about 30 per cent yield.’** 

The methyl ether of 3-hydroxythianaphthene treated with the requi- 
site acid chloride and aluminum chloride in the presence of carbon disul- 
fide has been found to yield the following ketones ’*’: 

2-BCetyl-3-liydroxytbianaphtheiie, m.p. 82’ 
2-propioiiyl-3-hydrozy^aiiaphthene, m.p. 73-74’ 
2-h-chloropropicinyl-3-hydrosythianaphtheDe, m.p. 121-122’ 

Hydrolysis of the ether occurred during the reaction. 

Thiaiithrene has been similarly reacted with chloroacetyl chloride. 
Diacylation was secured in this case, 2,6-bis-(;8-chloroacety])thi- 
anthrene (m.p. 177°) being obtained.’*’ Phenothioxin has been shown to 
undergo like reaction; the product with chloroacetyl chloride is 3,6-biB(/8- 
chloroacctyl) phenothioxin (m.p. 193°) prepared in good yield.®*’' 

A study of the reaction of dibenzothiophene with acetyl chloride and 
aluminum chloride has been made by Burger and co-workers.®*® In a 
series of nine experiments, a mixture of ketones was obtained in every 
case. With nitrobenzene as solvent, and adding the catalyst to a mixture 
of the reactants, the main product is 2-acctyldibenzothiophene, m.p. 111- 
112 °. 



The ketone has also been prepared in 70 per cent yield by Gilman and 
Jacoby,®*’ who used carbon disulfide as solvent. Burger and Bryant ®®® 
have made repeated attempts to duplicate this yield, but have obtained 
only a mixture of ketones in 70 per cent yield. The yield of pure 2Tacetyl- 
dibenzothiophene was only about 25 per cent. 

Cullinane, Rees, and Plummer ®®' have been unable to obtain a mono- 
acetyl derivative by treatment of dibenzothiophene with acetyl chloride 
under various conditions. By using carbon disulfide as solvent and boil- 
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181-153 ( 1080 ). 



370 


ANHYDROVa AIVMINVU CHLORIDE 


ing the reaction mixture for two hours, these workers secured 1 g of 
2,8-diacetyldibensothiophene (m.p. 210°) from 6 g of dibensothiophene. 

In this connection, it is interesting that Burger, Wartman, and Luts 
have obtained 23 -diacetyldibenzothiophene (m.p. 208-200°) as the main 
reaction product, when using boiling carbon disulfide as solvent. At the 
same time, however, tiiese workers also secured a mixture of ketones, 
m.p. 85-100°. The structui-e of the 2,8-diBcetyl derivative was established 
by conversion to the dioxime, rearrangement to the diacetamido- com- 
pound and hydrolysis to 2,8-diaminodibenzothiophene. The 2,8- com- 
pound could also be obtained in 00 per cent yield by treatment of 
2-aoetyldibenEothiophene with acetyl chloride and aluminum chloride. 

Courtot and Pomonis report the preparation of 2-aoetamidobenzo- 
thiophene (m.p. 167-168°) by nitration of thiophene, subsequent reduc- 
tion, and acetylation. Following the same procedure, Gilman and 
Jacoby"*' report that the melting point of 2-Bcetamidobenzothiophcnc 
obtained by them is 178°. 

Hstebocyclic Compounds of Oxygen and Acyl HaLiDEb 

Furau 

Furan chemistry is of recent date. Since about 1030 much work hab 
been done on Friedel-Crafts reactions with furan and its derivatives, but 
the greater part of it has dealt with Friedel-Crafts alkylations. Alu- 
minum chloride is one of the less efficient catalysts for acylating furans. 

According to Gilman and Burtner the general order of decreasing 
usefulness of condensing agents in acylations of furan is: stannic chloride, 


Table 17 


Furan 

Acid Chloride 

Product 

Yield 

I?L 

Furua 

chloroaoeiyl 

2- ( u-chl ur oacetyl ) furan 

21 

1 

Furan 

prupionyl 

2-propioDyllurun 

37.6 

2 

Furan 

Furan 

n-propionyJ 

n-butyryl 

2-propiouyJfuran 

2-butyrylfurun 

36.3 

51B 

4 

4 

Furan 

isobutyryl 

2-isobutyryUuran 

45,3 

4 

Furan 

n-valeryl 

2-n-valeryIfuran 

23 

4 

Furan 

n-caproyl 

2-n-caproylfurau 
fuiyl unuBCyl kotone 

39 

4 

Furan 

lauroyl 


5 

Furan 

stearoyl 

furyl heptadeoyl ketone 


5 

Furan 

2-furoyl 

di^furyl ketone very low 

3 

5-Methylfuran 

acetyl 

5-inethyl-2^cetylfuran 

12 

3 

Sl-Methylfuran 

acetyl 

2-methyl-5-acetylfuran 

2B.3 

2 

2,5-Dimethyl- 

furaa 

Methylfuran 

benzoyl 

2,5-dimethyl-8-lMnzoylfuran 

7 

4 

stearoyl 

methylfuryl heptadecyl ketone 




Af/erence« 

1. H. OilnMn and K. R. Burtner, J. Am, Chem Soc , SZ, MW-Bia (IBU). 

a. N. 1. Bhuikin. E. V. BhaoinFiiiiA. and E. D. Cherkawva, Om, Chmn. (U, B. 3. H.), B74-e7D 

(1B88); C. A., 33, 1816 

8, T. Reiohstdii, Hdv, Ckim. Acta, U, 856-860 (1B80) ; C, 24. 8761 : C. Z., liJO, U, 400, 

4, B, GUman and N. O. Calloway, J, Am. Chem. Soc., & 4167-4206 (1888), . ^ „ 

5. U. B. P. 2.088^ (1606) to A. W. Halston and C. W. ChnatoMii (to Aimour and Co ) . C. A., 30. 

8124, 

"■C. Courtot and C. Pomomit, Cam^. rand.. 112* 808-865 (1626); C. A., 20, 2155, 

■■H. Oilman and It R. Burtner, /. Am, Cham. 8oe„ 87, 606-012 (1085). 



KETONE SYNTHESES 


877 


ferric chloride^ aluminum chloride, and titaniinn chloride* On the other 
hand, aluminum chloride is highly efficient in alkylating furans. 

Some reactions of furan with acyl halides in the presence of alumi- 
inini chloride are tabulated in Table 17. 

Although acylation of furoic esters has been effected in the presence 
of ferric chloride and of stannic chloride, aluminum chloride is ineffective 
in the acetylation of methyl furoate with acetyl chloride or acetic anhy- 
dride.®®^ 

Noteworthy also is that fact that nitrofuran has been reacted with acyl 
halides,®®® although nitrobenzene does not undergo Friedel-Crafts acyla- 
tion under any condition. 2-Nitrofuran with propionyl chloride in the 
presence of titanium totraohloride and carbon disulfide yields 6-chloro-2- 
furyl ethyl ketone: 


r»Hirorj^ 

NOa-k^/ Cl- ^COCiH* 

o 

The fact that tlie nitro- group is replaced by chlorine does not make this 
case strictly comparable with the true acylation of nitroanisole, in which 
condensation of nitroanisole with acetyl chloride and aluminum chloride 
results in production of acetylnitroaniaolc.®®® 

Miscellaneous Heterocyclic Compounds of Oxygen 

Although Fricdel -Crafts reaction of coumarone is prevented by its 
ready polymerization, its dihydride easily undergoes acylation. Thus, 
enumaran with benzoyl chloride gives 5-bcnzoylcoumaran (m.p. 44®) : 



Like reactions occur with veratroyl chloride and with trimethylgalloyl 
chloride.®®'' 

Condensation of chroinan with benzoyl chloride similarly gives 6-ben- 
zoylchroman, b.p. 366® /710 mm: 


C«HaCOCl + 



CsHbCO 


\A 


o 
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6-VeratroyIchroman is secured when bonsoyl chloride is replaced by vera- 
troyl chloride in the preceding reaction. 

Dibensofuran undergoes normal acylation upon treatment with acetyl 
chloride and aluminum chloride in carbon disulfide solution. 3-Acetyldi- 
bensofuran is produced according to the scheme 

+ CHiCOCl — ► ^ 

o 0 

Like reaction occurs with benzoyl chloride, and a good yield of 3-ben- 
zoyldibenzofuran (m.p. 167-168°) was obtained. Dibrnzofuryl hepta- 
decyl ketone (m.p. 83-84°) has likewise been prepared by Friedel-Crafl.s 
reaction.**® 

Diphenylene dioxide and its derivatives have been reacted with acid 
chlorides in the presence of anhydrous aluminum chloride and carbon 
disulfide to give chiefly 2,6-diacylated products: 



COR 


Tomita *** has prepared the following ketones from diphenylene diox- 
ide and the indicated acid chloride: 


Acid GShlnride DiphenvJpne rlinxirle deriir m p (”C ) 

Chioroacetyl chloride 2,6-bis(^-chloroArctyl)- 282 

Propionyl chloride 2,6-dipropionyl 241 

ChloropropioDyl chloridr 2 6-bi5(7-rhloropropiunyl)- 211 d 

ot-Bromc^ropionyl bromide 2,6-biB(/9-bromopropinn>l)- 213 


Similar reactions were found to occur with riiTnpthvl(lii)henylenc 
dioxides and acid chlorides. Methoxy- derivatives of diphenylene diox- 
ide have also been acylated in the presence of anhydrous aluminum 
chloride. Thus, bis- (2-methox>^phenyl) ether and chl(»r(jacetyl chloride 
gives bis [2-methoxy-5(chloroacetyl) phenyl] ether, m.p. 154'’. 

The reaction of diphenylene oxide with at least two molecular pro- 
portions of liquid carbamyl chloride in tlic presence of aluminum chloride 
results in the formation of a diphenylene oxide dicarboxylic acid diamide, 
m.p. 307-308°. Instead of the liquid carbamyl chloride and aluminum 

■ip. Galewdcy, Atm , 2U, IST-IM (1801) 

■iW. BonohfiuidW. Bothe, Bvr.. 41. 1M0-1844 (1808). ^ , 

^U. S. P. fl,088A48 (1838) to A. W. Raliton ond C. W. ChrifltenMn (to Armour and Co ); C A , 

I^m!’ Tomlto, /. Pham. Bat. /apun, S4, M-Bfl (19M)i Sf* 900-912 (1000); SI, 408-II0X (lOM). 
0. A., n, lOO; Jl. I4H; », 7401. « . 
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chloride, a molecular compound of the acid halide and catalyst may be 
used.**" 

Dibenzopyran (xanthene) is another heterocyclic compound of oxy- 
which undergoes ready Friedel-Crafts acylation. With benzoyl chlo- 
ride, 2-benzoyldibenzopyran (m.p. 148°) is obtained”**: 


cco 


+ CeHiCOCl 


AlCIi 


ccxr- 


CiHi 


+ HCl 


Acylation of Obganic Compounds of Nitbogen by Fbiedel-Crafts 
Beaction with Acyl Halideb 

Friedel-Crafts acylation has not been extensively applied to organic 
compounds of nitrogen. With a few exceptions the presence of a nitro- 
group in aromatic hydrocarbons inhibits reaction, and aromatic nitriles 
are even more resistant to acylation. It is likewise little used in prepa- 
ration of acylatcd amines, for substitution of N-hydrogen usually occurs 
in the absence of a catalyst, and indirect methods are ordinarily neces- 
sary for the introduction of an acyl group into the ring. In the acylation 
of acetamides, however, aluminum chloride has been found to be an 
especially useful catalyst. 

Although heterocyclic compounds of nitrogen are generally resistant 
to Friedel-Crafts acylation, several instances of such reactions have been 
reported. 

Nitre- Compounds 

Although the presence of a nitro- group in aromatic hydrocarbons 
inhibits Friedel-Crafts ketone synthesis, the reaction may be carried out 
with nitro- derivatives of phenol ethers.*** The alkoxy- group is thus 
sufficiently activating to allow substitution. Nitroanisole and acetyl 
chloride, when treated with aluminum chloride in carbon disulfide, yield 
acetylnitroanisole (m.p. 99.5°) together with some o-nitrophenol and 
nitrohydroxyacetophenone. The last two products are due to hydrolysis 
of the methoxyl group of anisole and of acetylnitroanisole, respectively. 
The acetyl group in the ketones probably occupies the p-position to the 
methoxy- group. o-Nitrophenetole reacts likewise with acetyl chloride, 
giving acetyl-o-nitrophcnetole, m.p. 66-67°. 

p-Nitrophenyl phenyl ether also undergoes Friedel-Crafts acylation. 
With stearoyl chloride, the product is p-nitrophenoxyphenyl heptadeoyl 
ketone,**® which may 1^ used for improving motor fuels.*** 

1 *>U7.»r (inS) to H. Hops nd E. OhUncer (to I. O.); Brit. P. IM,nil (HU) to 

■>; « . Abi.-B, IM (inr); Fnmih P. m,U7 (IM) to I. O., C. A.. Jl, UU. 

Nii' utd St. V. Kortuwoki. Btr.. 41. UH-llll (1«W). 

Bto^uiwn and L. Oatlannsmi. Ber., B, Ull-UU (ISn). 

30. aia *■***•*** (3***) A. W. lUlatoii and C. W. Ohnstaueu (to Annour and Co ) ; C. A., 

B. P. (107) to V. Conquist (to Annour and Co.); C. Z., IMS, I, 107. 
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Nitriles 

Although aromatic nitriles resist Friedel-Crafts acylation, an aralkyl 
nitrile may undergo the reaction. 

Thus phenacetonitrile with acetyl bromide and aluminum chloride in 
carbon disulfide gives p*acetylphenacetonitrile: 

riJaCN CHaCN 



COPHi 

The meta-isomer is obtained as a by-product in the reaction.^”*' 

Aromatic nitriles react with acid chlorides in the presence of alumi- 
num chloride to give triazines. Thus benzonitrile and acetyl chloride 
give about a 16 per cent yield of 2-melhyl-4,6-diphenyl-l,3,5-triaziii(‘ 


CaHi 

I 

c 

/ V 

C.HiCN f 

C.II«C C-CUj 

\ Z'' 

N 

analogous condensation occurs wIk'u propiunyl, butyryl, heptoyl, in 
palmitoyl chloride is substituted for acetyl chloride in the foregoing reac- 
tion with formation of ethyl-, propyl-, hexyl-, or pcntadecyldiphenyl 
triazine.^^ Acid chlorides of 7 to 9 carbon atoms likewise give the corre- 
sponding triazines.*®® That the reaction is general for aromatic nitriles 
evident from the fact that p-tolunitrile undergoes similar reaction. Upon 
treatment of a mixture of p-tolunitrile and acetyl chloride with aluminum 
chloride at 0°, and subsequent heating on a water-bath for twelve hours 
at 70®, a very good yield of 2-methyl-4,6-di-p-tolyl-l,3,5-triazinc, 

Cail4 . ciu 

I 

c 

/ \ 

N N 

I I 

CH» , CbIUC C-CHi 

\/ 

N 

is reported. When an aromatic nitrile is reacted with a dicarboxylic acid 
chloride, a two-ringed compound is formed: benzonitrile and surcinyl 

M7F. XitDokdl, Ber., 39, 1145-8146 (1006) 

Krafft Mid A. von llMifien. Ber., 22, 603*811 (1B89). 

"»F. Krmfft Mid G. Koonlg, Btr., 23. 3882-2888 (JBiO), 
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rliloridc viUi aluminum rhinride at 100° give 2,2'-rthylenc-bi8- (4,6-di 
pheny 1-1 ,3.5-triaaine) : 




Cahn 


/ 

N 

II 

CaUa . V 


N 

I 

C . 


V 

y \ 


r 

0112 . ('ii 3 . r 


N 

I 

f’ 


TiiMji 


Triazines are not formed when aromatic acid chlorides are used. 
Treatment of benzonitrile with benzoyl chloride and aluminum chloride 
yields dibeiizaraide 


CJUCN 


CalUCOri^ 
AlCli ^ 


(CbH8CO)2NH 


Amines 


Aluminum chloride has been little used in condensation of aromatic 
amines with aeyl halides. It is not needed in replacement of N-hydrogen 
with acyl, and attempts to use the catalyst in introduction of an acyl 
group into the ring of N-dialkyl amines have not met with great success 
because of formation of complex condensation products. 

The condensation proceeds more readily with aliphatic acid chlorides 
than it docs with those of the aromatic series. Thus, reaction of iso- 
valcryl chloride with dimethylanilinc at high temperatures, without a 
catalyst, has been shown to result in formation of N-methylisovalero- 
anilide. Here one of the N-melhyl groups has been replaced, but a sub- 
stitution of the acyl group has aNo been effected in the ring.®"^^ Substi- 
tution of the acyl group in the nucleus, without derangement of the 
N-alkyl groups, has been rci)nrted in the presence of zinc chloride. 
Dimethylanilinc with ocnaiitliylie acid chloride thus gives p-dimethyl- 
aininooenanlhophenone, CHn (ril 2 )r.-^'t).C'nir 4 .N(CH;t) 2 , together with a 
compound of undetermined slrutdiirc.®’'- 

With aroyl chlorides, however, a similar coiidtuisation is difficult. 
Thus, in an attempt to react benzoyl chloride and dimethylanilinc with 
anhydrous aluminum chloride in order to sjuithcsize p-dimcthylamino- 
benzophenone,®’^® the condensation was cITcctcd, but the yield was very 
poor, probably because of further condensation of the ketone formed 
with unreacted dimethyl aniline. When benzanilideimido chloride was 
substituted for benzoyl chloride, however, and the comlensation was 
carried out in carbon disulfide with aidiydrous aluminum cliloride at the 
ordinary temperature, a high yield of p-diinethylaminobcnzophenone was 
obtained after 24 hours, the reaction proceeding: 


mi V Mi 28tt-28B8 (1890). 

"Tav rtnd,, 139 , 399-801 (1904); C. Z, 1904, II. 703 

WM!. ehlm. h). <7. 44 (1887). 

C. Shah and J. B. Chaubal, / Chem. Soc . B50-32 (1932). 
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CiH.C . (Ca) : N . C.Hi + CJIiN(CHi)i 

CWI. . C( ; NC.H.) . CJI. . N(CH,)i 
CiUi . CX) . CtUi . N(CU.)i + NUiCiH. 

The condensation with benzanilideimido chloride has been extended 
also to substituted dialkyl anilines.^'^^ 

It is of interest, however, that in one instance a dialkyl aniline has 
been condensed with an acid chloride in the presence of aluminum chlo- 
ride to give ring substitution in the para- position. Thus 4-dimethyl- 
amino-l-naphthoyl chloride and dimethylaniline treated cautiously under 
cooling with aluminum chloride give 4-(dimethylaminophenyl) 4'-(di- 
methylamino -1-naphthyl) ketone 


coci 



N(CHa)a 


N(CHj)i 
Airia 



K> 


N(Clfi)B 


Nfrna)a 


When like reaction was attempted with l-(dimethylamino) naphthalene 
instead of dimethylaniline, however, only a tarry product was obtained 

The Friedel-Crafts reaction, with anhydrous zinc chloride as catalyst, 
has been effectively used, in condensation of 2-naphthylaminc with ben- 
zoyl chloride, with production of l-benzoyl-2-bcnzamidonaphthalcne in 
30-40 per cent yield.®^® Similar treatment of 1-naphthylamine gives 
l-benzamido-4-benzoylnaphthalcne.^''^ Substitution takes place at the 
nitrogen, as well as in the ring. 

In aluminum chloride-catalyzed reaction of amino-substituted benzo- 
ates with benzoyl chloride or phtbaloyl chloride, substitution of the acyl 
radical occurs for an N-hydrogen.*’* The reaction with the ethyl egter 
of p- or m-aminobcnzoic acid and benzoyl chloride proceeds: 


C.H« 


/ 


NH. 




+ C.H 5 COCI 


AlCIi 


COOCiH. 


NHCOCbH. 

cm/ + HCI 

'^COOC.H. 


Pbthaloyl chloride reacte as the lactone: 


CCI. NR. 

cm/ '^O + 2 Cm/ 

\ 


Airii 




C(HN . CJI.CO.C.H.). 

c^n/ ^0 + 2Hri 


COOC.H. 




•TAR. c Shah mid M B Ichaporft, / Chwm 8 oe , 8M-8M fins): C. A.. 29, 6587. 

•»B Goklil« and P A Mrroii, J Cfiem 80 c, 118-120 (1031) 

•"K. DsiflWDABln L KwirciAski. uid L ^enibaoh, BmU tnlem. ocod poZonoiM, ClaUM 
IffH A, 899-837; 0 A . 29, 1084. 

■"K. Mew^lu and L Stmnbaoh. Rucm, Chrm , U. 704-719 (1988): Bnt, Chem Ab§ -A, 
410 

•nn Limpneht, Ann . 303, 274-280 (1808). 
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Aluminum chloride has been found to be an effective catalyst for pro- 
moting condensation of oxalyl chloride with N-monoalkyl amines for the 
production of nitrogen ring compounds, the reaction probably proceeding 
through primary replacement of N-hydrogen by the ^COCl group, and 
subsequent aluminum chloride-catalyzed ring closure. 

Ethylaniline has been condensed with oxalyl chloride and aluminum 
chloride in carbon disulfide solution to give N-ethylisatin (m.p. 95°), the 
reaction proceeding”*: 



+ 2HC1 


Here ring closure is effected during the acylation. The method seems 
general for the production of N-substituted isatins from secondary 
amines. 

However, in attempting to prepare phenylisatin. Stolid*** reacted 
(liphenylamine with oxalyl chloride in the presence of aluminum chloride. 
Instead of the expected product he obtained acridine carboxylic acid; the 
intermediate product probably was o-anilinobenzoylformyl chloride. 

;9-N-Etliylaminonaphthalene and oxalyl chloride with aluminum chlo- 
ride give ^-ethylnaphthmdol-l,2-dione.**^ 

The condensation of N-monoarylaminoanthraquinones with oxalyl 
rldoride in the presence of aluminum chloride leads to formation of 
N-anthraquinonylisatins.®** Here probably introduction of the COCOCl 
residue into the amino- nitrogen occurs, with subsequent ring closure to 
the N-aryl substituent. The acylation of N-monoarylaminoanthraqui- 
nones is not possible by the use of such acid chlorides as benzoyl chloride, 
acetyl chloride, and carbonyl chloride. 

N-Anthraquinonylisatins result from the condensation of oxalyl chlo- 
ride with 1-p-toluidinoanthraquinonc, 1,5-di-p-toluidmoanthraquinone, 
and l,5-bis-)9-naphthylammoanthrBquinone. 

Amides 

N-Aryl acetamides easily react with acyl halides in the presence of 
aluminum chloride and carbon disulfide to give normal substitution prod- 
ucts. Thus, acetanilide and acyl halides have been shown to react accord- 
ing to the equation: 


^ ■*>(-**>* (1*U); C. A., g, rOS; Gennui P. »1.04S (IMS) to H. BtolU. 

dm?" ***■ i>r-i« (wa): /. Chm. sk. Abi.. 124 (I), lias iin 

n>«n, Mid H,4BS-t to H. Stoadincer: C. Z.. VO, II, 571. 

(>»15): cT z!?* FArbmfAlirik voim. F. Bayer ft Co.; /. Cham. Soc. Abt., IQB (I), 
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. NU . COCBi /'V • • COCHi 

+ RCOCl — ► 1 T + UCl 

Kunckell secured tlie following ketones from acetanilide and the indi 
cated acjl halide: 


Add hdida Ketone obtained m.p. ("C.) 

Acetyl bromide 7 >-acetylacetaniiide 10^167 

Propionyl ohioride p-propionylacetanilide 161 

n-Butyiyl chloride p-n-butyrylacetanilide 142 


The reaction proceeds even more easily with halogcnated acyl halides 
He obtained an excellent yield of p-chloroacetylacetanilide, C1.CH2.C().- 
C6H4.NH.COOH3 (m.p. 212°) from chloroacetyl chloride and acetanilide 
with carbon disulfide and aluminum chloride. Obviously the entcnii|> 
group goes p- to the acetamino group in the acylation of unsubstituted 
acetanilide. 

Similarly, with ^n-chloroacetanilide, chloroacetyl chloride yields 
O“chloro-p-acetylaminochloroacetopheiioiie . 



MICOCili 


NUCUCIU 


+ UlClljCOCl 


VlfMi 


^CI 


I 

I fU HjCI 


With acpto-p-toluidid(‘, however, it was shown that the enterinp; acyl 
group goes ortho- to the Jieetaniino- group. The product obtained was 
m-methyl-o-acetylaminoehloroHcetophenone 


NH ro.cn^ 


4 nviuvi)v\ 


Airii 


Nil CO . CTTa 

I 

/ N .C OCHaCl 

> I J 


4- HCl 


C'll, 


Clla 


With aceto-o-toluidi(le and chloroacetyl chloride, the position of the 
entering acyl group could not he ascertained, except that it did not 
ortho- to the acetamino- group. Since upon fusion with potassium 
hydroxide, acetanilides having a rhlnroacetyl group ortho- to the acet- 
amino- group give indigo derivatives, orf/^o-substitution was hoped for 
Phenacetin also did not give ortho- substitution. 

A chlorine-substituted acetanilide was then reacted with chloroacetyl 
chloride.®** Here the reaction proceeded, 


«"F. Ktmflkdl, Bet., 33, 9641 


F. KimokaU, Bar.] IJi 9M-9654 (1100) 
*"F. KunekflU, Bor. dwt. pha^. Gu., 


Si 


1000 ^ 
IMol; vf. 

410- 

F Kunokril. Ber., 33, 2444-96M (1000). 
KunukeU, Bar., 34, 194-120 (1001). 

^ F. Kimekell uid A. Rhsharti, Bir., 40, 


Qprnian P. 105,100, C. Z , 1000, I, 940 

486 (1011); /. Chem. 8oc„ Abt„ 100 I, 000 (IDID 

8807 (1007). 
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COCHtCI 



NHCOCHi NHCOCHi 

with formation of l-obloroacctyl-2-chloro-4-acetamiDobenzenei m.p. 146- 
147“. 

Afii/m-m-acetoxylidene and chloroacetyl chloride likewise did not give 
a compound in which the acyl group was ortho- to the acetamino- 
group.^^^ Acetopseudocumidine entered into the following reaction: 


CHa 


CIIbCONII 


CHb 

+ ClCHaCOCl 


Clfa 


CH* 


CHaCONH 



CHa 


+ HCl 


Ilcrcj too, the acyl group preferred not to go ortho- to the acetamino- 
group. 

With a-bvomopropionyl bromide and aceto-o-toluidido, two com- 
pounds, melting at 158° and 138°, were obtained. Their constitution 
could not be explained. Bromopropionyl bromide reacted normally with 
the acetoxylidine and the acetopseudocumidine, giving respectively: 


a-bromopropionylacetoxylidine, m.p. 115-116°, and 
(x-bromopropionylacetopseudocumidine, m.p. 146°. 

Later Kunckell and Schneider reacted chloroacetyl chloride with 
4-acetainino-l,2-dimethylbenzene and obtained o-substitution to the 
acetamino- group: 

CHi CH« 

Gila • 

+ ClCHiCOCl — ► 

ClCUiCO 

NH . CO . CHi KH . CO . CHi 

In this case the 2-methyl group has a para- directing influence, and the 
acetamino- group, an ortho-directing effect. 

In following this same procedure, Kranzlein obtained a 94 per cent 
yield of 4-aoetamino-5-chloroacetyl-l,2-dimethylbenzene. Like reaction 
with o-chlorobenzoyl chloride instead of chloroacetyl chloride gave the 
expected 2^chloro-4,5-dimethyl-2-acetaminobenzopheiione, in 80 per cent 
yield; 




imi-mm (1000). 
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^COCHi ^COCHi 

CHty^NH ^ Cl^ AlCU^ CH-y^NH Cl- 

CHi\/ ClCo\/ ^ CHi\x 

Attempted rinj; closure of the above product was unsuccessful. Acid 
hydrolysis and subsequent treatment with sodium hydroxide resulted in 
formation of 2'-chloro-4,5-dimethyl-2-aminobensophenone. 

Kranzlein expected that 2-acetamino-5,6,7,8-tetrahydronaphtha- 
lene and 5-acetaminohydrindene would behave in the same way, the 
cyclic methylene residues having the same influence as the two o-methyl 
groups in 4-acetamino-l,2-dimethylbenzenc. The cyclic methylene resi- 
dues were found to have the expected effect, and the following compounds 
were prepared: 

Ha 


(I) 


Ha^/X/X^NH . CO . CJIa 
. CHa . Cl 


Ha 

2’acPtaiiiino-3-Ghloroa€Pfyl-5,0,7,8-tctrah}rdn)- 
naphthalene (m.p. 148”) in ^ per cent yield. 


> .CH.-A'NH.CO.ni, 

cn.C' 

. CH. . Cl 

6-iicetaiiiiiio-6-chloroacctylhydruiilem>, (m.p. 167°) in 52 per cent yirld 


Reaction of aceto-j9-naphthylamide with oxalyl chloride and alumi- 
num chloride in carbon disulfide results in formation of what probably is 
2-acetaminoacenaphthene-quinone, m.p. 232°. Here the COCOCl residue 
of oxalyl chloride adds to the naphthylamidc, with subsequent peri-ring 
closure.”* 

Acetanilide with thionyl chloride and aluminum chloride in carbon 
disulfide gives an 85 per cent yield of 4,4'-diacetaminodiphcnyl sulf- 
oxide."* 


Compounds with Nitrogen in the Ring 

Heterocyclic compounds of nitrogen arc not easily acylated by tl>c 
Friedel-Crafto reaction. Reported instances of acylation with pyrroles, 
carbasoles, quinolines, and pyrazoles are somewhat isolated cases, and 
reveal little in the way of generalities, except that here, as in the aro- 
matic series, the presence of activating groups facilitates reaction. 

Pyridine 

Pyridine does not undergo Friedel-Crafts acylation. Pyridine and its 
salte, treated under very varied conditions with acetyl chloride or hen- 

■>0. Oallu iBd a. nmafida. Anal. Fit. QuCm.. », 4M-4W (IHI); Brit. Ckam. Abt.-A, 

■■8. Bufctmwft and K, SiikurBi, /. Pharm. Soc. Japan, fi, 22-4, AbatracU (in 1-3 (1240), 

Ct At, 34| 2704. 
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zoyl chloride in the presence of aluminum chloride do not give ketones. 
Although in some cases there is energetic evolution of hydrogen chloride, 
only tarry products result.^**^ Since nitrobenzene also does not undergo 
Friedel-Crafts reactions, it has been suggested that similar electronic 
disturbances in nitrobenzene and in pyridine are responsible for their 
inactivity.®®® 

In order to prepare pyridyl ketones, the chlorides of pyridine car- 
boxylic acids have been reacted with aromatic hydrocarbons and with 
phenol ethers. Wolffenstein and Hartwich have shown that the pres- 
pnee of thionyl chloride is necessary for condensation to occur. This 
may be provided by not completely purifying the acid chloride obtained 
by reaction of the carboxylic acid with thionyl chloride. Using such 
impure acid chlorides, these workers have prepared ketones from pyridine- 
a-carboxylic acid and benzene or anisolc, from pyridine-jS-carboxylic acid 
with the same components and with naphthalene, and from pyridine- 
or a,cz'-diearboxylic acids and benzene. Aluminum chloride was used 
as catalyst. As an example, the condensation of pyridine-oe-carboxylic 
acid chloride with benzene yields phenyl- a-pyridyl ketone; 



+ C.Ha 


AlCb 



COreHs 


+ nci 


Pyridine-jfl-carboxylic acid chloride has been similarly reacted with 
toluene and m-xylene.®®® 

Mono-esters of pyridine dicarboxylic acid chlorides condense with 
benzene in the presence of aluminum chloride. Substitution of the halo- 
gen occurs, with simultaneous hydrolysis of the ester 


a COOCHi 

coci 


beDNne and AlCh 

► 


a COOH 
COCbHb 


The (z-ester, ^S-chloride undergoes like condensation. 


Pyrrole 


It has been reported that by reacting acetyl chloride with pyrrole in 
ether, in the absence of catalyst, 2-aectylpyrrole is formed, together with 
N-acctylpyrrole.*®® Similar treatment of N-methylpyrrole gives 1.8 g of 
N-methyl-2-acetylpyrrole from 5 g of the pyrrole.®®® 

Grignard reagents and alkali-metal compounds of pyrrole have been 
generally used in the preparation of pyrrole ketones, however; and 
until the recent investigations of Hans Fischer and co-workers aluminum 
r iloride was not considered as a catalyst for acylations of this type, 
ischer has shown that acyl derivatives of alkyl-substituted pyrroles may 
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be prepared in almost quaiititativo yields by reaction of alkylated car- 
bethoxy- pyrroles with acyl halides in the presence of aluminum chlo- 
ride.^ Treatment of 2«methvl-3-carbethoxypyrrole with acetyl chloride 
and aluminum chloride produces 5-acrtyl-2-mcthyl-3-carbethoxypyrrole, 
subsequently decarboxylated to 2-mothyl-5-acctylpyrrole.®®^ 


■COOCtHi 


TL 


+ CH.con 


Aicb^ “T — rcooriHi 


■apopifleahon and dcqwrbtwcylatipn^ 


!n" 


H 


The condensation of 2,4-dimethyl-5-carbethoxypyrrole with acetyl 
chloride occurs according to the scheme 


Clli 
CtHaCOO-5^ 


rr 


+ CH.COC1 


AICI. 


OH I 
CirTsCO 


COCUl 


fi-jj ipCOCI 


+ HCl 


II 


With 2,4-diethyl-5-carbethoxypyrrole, an 85 per cent yield of the ethyl 
ester of 2,4-diethyl-3-acetylpyrrole-5-carboxyiic acid is thus obtained.®®^ 
In the same manner^ condensation of 2,4-dimethyl-3-carbethoxypyrrolc 


CHr 


o: 


“OOOCaHa AlPla 

+ CH.COCI 

Ha 


CHi-ji ij-COOraHa 

rHaCo4,^JLcna 

H 


with acetyl chloride may be effected®®®: Propionyl chloride may be the 
acid chloride used.®®® 

A trialkylated pyrrole undergoes easy Friedel-Crafts acylation®®®: 


CHr 


rciia 

:Ha 


H H 

Similar condensation occurs with poly alkylated dipyrrole ketones®®®: 

-Call a CiHa^ 


OflHa- 


H 


+ CH.COC1 


CHaCO^ — |i-CaH§ CiHa-n— ipCOCHa 
CaHrA j C i J-Cani 


4 2HC1 


H 


»H. Tmohm pud F. SohubBrt, 2* phyM, Chwm., fSB^ W-llI (lOlB)} C. A , 21. 881 
I B. FjMhflr» H B«yw, hkI E Zunik^ Ann., m, 88-70 (1911). 

■H. Ftwher uid H. Orth, Ann.. 802. 911^.104 (1988); C A.. 3f. 8471 
Ftocher, M. Qoklaobmidt, nnd W. NUmIst. Ann.. 4lf. 1-54 (1801). 
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An aeid ohloride of tiie pyrrole series may be combined with an 
acylated pyrrole •**: 


HiCOOCCHiCUi- 


TT— ipCHs CHi 'll II COCl 

IJcoo.* UU- 


c:ocHi 


AlCli^ 


HaCOOCCHaCHi-j^ jj-CHi ^ CIl; 


Hi 


In reactions of this type, 2,4-dimethyl-3-carbethoxypyrrole or 
2-inothyl-3-carbethoxypyrrole may be used instead of the acetylated 
pyrrole. The fact that pyrrole ketones or esters undergo Friedel-Crafts 
acylation may indicate siipcraromatic properties of pyrroles. 

Quinoline 

Although quinoline and its derivatives have been reported not to 
undergo Friedel-Crafts acylation,®®* several reactions of this type are 
described in the literature. Using nitrobenzene as solvent, substantially 
in accordance with the process described by Behn,®®“ and by Rosenmund 
and Schulz,®®® condensation of 8-hydroxyquinoline with acetyl chloride, 
chloroacctyl chloride, and benzoyl chloride is reported, with formation 
of the corresjionding 5-acyl-8-hydroxyquinolines.®®^ Reaction with acetyl 
chloride and aluminum chloride in nitrobenzene at 70^ for twelve hours 
gives a 45 per cent yield of 5-acetyl-8-hydroxy quinoline: 



1 4- ciliCOCl 


AICI, 


corHi 

I 





on 


OH 


With propionyl chloride, the corresponding propionyl derivative is 
secured. Interaction of one mole each of 8-hydroxyquinoline and phthaloyl 
chloride under like conditions gives 7-o-cBrboxybenzoyl-8-hydroxyquino- 
line. 



together with a small amount of a-8,8'-dihydroxydiquinonylphthalide as 
by-product. With two moles of 8-hydroxyquinoline and one mole of 


l*'- Httrtwich, Ber., 48, l0«.aO4B (IM8). 

(1S9T) to Riohird Behn: (7. Z., IIW, I. 1*. ^ ^ ^ 

1927 uid H. SohuU, Arch. Pharmai. Btr. deut. pharm. Oes,, 265, 808-819; C. Z., 

Mtinimiin, /. Am. Chmn. floe., 52, 4432-44SS (1920) ; C. A.. 35, 109. 
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phthaloyl chloride, another phthalide, 8,8'-dibydroxydiquinonyl phthalide, 
was formed. The positions of attachment of the two quinoline rings to 
the phthalio acid group could not be ascertained.***’ 

8-Methoxyquinoline is acylated by reaction with ohloroacetyl chlo- 
ride in petroleum ether in the presence of aluminum chloride to give 
8-methoxy-x-chloroacetylquinoline (m.p. 58**) in 80 per cent yield.**** 
Friedel-Crafts acylation has also been shown to take place with 
l-acetyl-142,3,4-tetrahydroquinoline and chloroacetyl chloride with alu- 
minum chloride in carbon disulfide.*^* Substitution occurs in the benzene 
ring, the reaction product being l-acetyl-6-chloroaGetyl-l,2,3,4-tetra- 
hydroquinoline, m.p. 137°; 



COCHi 


Bromoacetyl bromide undergoes like reaction. Chloroacetyl chloride, 
bromoacetyl bromide and acetyl bromide were also shown to acylate 
l-acetyl-6-methyl-l,2,3,4-tetrBbydroquinoline in like manner, the enter- 
ing ai^l group going ortho- to the alkyl substituent. The reaction was 
found to occur also with l-acetyl-8-methyl-l,2,3,4-tctrahydroquinolinc 
and chloroacetyl chloride or bromoacetyl bromide.**^ 

Benzanthronequinolinc may be reacted with benzoyl chloride, chloro- 
benzoyl chloride, or nitrobenzoyl chloride and aluminum chloride to give 
ketones which are useful in the dyestuff industry.*^* 

Aroyl derivatives of quinoline may be prepared by condensing quino- 
line acid chlorides with benzene in the presence of aluminum chloride. 
Thus, quinoline 2-carboxylic acid chloride yields 2-benzoylquinoline*”; 



GeHi 


AICI»^ 



+ HCl 


Carbazole 

Friedel-Crafts acylation of carbazole gives diacylation, even in the 
presence of a limited amount of acid halide***: 



"•K. IbiMBiiiim, /. Am. CArai. Soe.. fB, IM-IU (IHI); C. A., 9, lOt. 

••B. MaU BDd O. Oniiiir. Btr , M, SUl-UM (l»U). 

•wv. KodeMI uid E. ViillhMe, Bar., O. (HN). 

■"F. KunelnU, Bar. deut. Pham. Gw., SB, S77-M (inl); C, Z., Itia Tl. a«. 

"Brit P. MB,m (lin); Oannwi P. 4U.II53 (IIM) to Ftob. vorm. Maittar LoeiUl 4 BriHuWi 
C. Z., IIM, I, Tri. 

"B. Bwthoni, Bar,. 41, SNI-MM (MOI). 

••8.0. r. Plant K. M. Bofan, and B. B. C. WiUiama, /. Cham. Boa. (IM), 741-44. 
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The acyl group also goes into the 3,6- pocitions in like reaction of N-alkyl 
derivatives. Thus O-methylearbazole with acetyl bromide and aluminum 
chloride in carbon disulfide solution gives 3,6-diacetyI-9-methylcarbBZole. 

Acylation of N-acylcarbazole proceeds differently, however. In react- 
ing 9-aoetylcarbazolc with acetyl bromide and aluminum chloride in car- 
bon disulfide, a diacetylated carbazole (m.p. 104°) has been obtained.^^^ 
Hydrolysis of this product was reported to give 3-acetylcarbazole. 

Later, it was claimed tliat this hydrolysis product was not 3-acetyl- 
carbazole, as was originally assumed, but 2-acctylcarbazole, and that the 
product of the reaction of 9-Bcetylearbazole with acetyl bromide and 
aluminum chloride was, in realily, 9,2-diacetylcarbazole.®*® This was 
subsequently confirmed by Plant and Williams.®^^ 

Benzoylation of 9-acetylcarbazole similarly gives 9-acetyl-2-benzoyl- 
rarbazole which upon hydrolysis yields 2-benzoylcarbazole. Like reac- 
tion with 9-benzoylcarbazole yields 2,9-dibenzoylcarbazole, which also 
gives 2-benzoylcarbazole upon hydrolysis.®^* 

The production of 9,2-diacyl derivatives is unusual in that 9-apyl 
derivatives are isomerized into 3-acyl carbazolcs by treatment with alu- 
minum chloride. Thus addition of aluminum chloride to 9-benzoyl car- 
bazole and gradual heating to 120° gives 3-benzoylcarbazole, which upon 
subsequent reaction with benzoyl chloride yields 3,6-dibenzoylcarba- 
zole.®^® Since isomerization of 9-acyl is effected by aluminum chloride, 
it is singular that migration of the 9- acyl group does not occur during 
the Friedel-Crafts reaction. 

The hydrogenated N-acylcarbazoles do not behave as do the unhy- 
drogenated derivatives in Friedel-Crafts acylations. 9-Acetyltetrahydro- 
carbazole and acetyl bromide with aluminum chloride in carbon disulfide 
give the 7,9-diacetyl derivative.®^® On the other hand, 9-acetylhexa- 
hydrocarbazole and acetyl chloride under like conditions yield the 6,9-di- 
acetyl derivative. Since the hexahydrocarbazole contains one fully 
reduced ring, it behaves more like a simple benzene derivative than do 
the other acyl carbazoles.®®® 

Ttie condensation of carbazole or its derivatives with chlorides of 
higher aliphatic acids has been patented.®-' Interaction of one mole of 
carbazole with one mole of stearoyl chloride in carbon disulfide is claimed 
to give the N-compound, which upon treatment with aluminum chloride 
is rearranged to form 3-stearoylcarbazole, m.p. 105-106°. 3-Lauroyl- 
carbazole (m.p. 101-102°) is similarly obtained. The following 3,6-diacyl 
carbazoles are also reported: 


dilauroyl m.p. 176* 

dimyrieityl m.p. ICO’* 

dipalmitoyl m.p. 182” 

distearoy] mp. 161-162” 

^ y- Bowqh* ud M. FdsA, Bwr^ 40. 878-MO (1007). 

^ L O- ArbrnindirttriB; 


1938, 


R S’ Mid B. B. C. WlUiMM, /. Chem. 8oc. (1884). 1149-1143. 

B S’ M. L. TomUiHon. /. Chem, 8oc. (ins), 2188-8182. 

tJ St K. M. noMn, /. “ ■ “ ■ 

to A. W. Ri 
I. UU; Brit. mM (IMS) to Ann 


Mn ■»<> K. M. Ronn, /. Chm. Boe. (IIM), «-l. _ 

-Ti » "a ^ ^ ^ ^ ^ 

; Ruliton miH C. W. OhriitensMi (to Annour A w); «... 

Annonr A Co., C. A., 82, 8817; Brit. Cham, Abt.-B, (1898), 18. 
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The reaction of carbaiole with carbamyl chloride for the preparation 
of carbaaole dicarboxylic acid di amides has been claimed,®®* A molec- 
ular compound of the carbamyl chloride with aluminum chloride may be 
uRod> thus facilitating the reaction. 

Phthalimides 

N*Phenylphthalimides may undergo Friedel-Crafts acylation. Thus 
N-(24-dimethylphenyl)phthalimide with chloroacetyl chloride in the 
presence of aluminum chloride yields N- (2,4-dimcthyl-5-ohlo^oacetyl- 
phenyl)phthalimide.®®® Similar condensations, using zinc chloride as 
catalyst, have also been reported.®** 



Pyrazolea 

N-Aroyl derivatives of various pyrazoles have been prepared by 
reaction with an aroyl halide in the absence of a catalyst. Replacement 
of C-hydrogen, however, is not easily effected. Aluminum chloride has 
been successfully used as catalyst in the production of 4-aroyl derivatives 
of 6-chloro-l-phcnyl-3-methvlpyrRzole. The condensation is readily 
effected with benzoyl chloride and those derivatives of benzoyl chloride 
which do not contain strongly electronegative groups in the meta- or 
para- positions. Aliphatic acid chlorides do not undergo the reaction.®*® 
Condensation with benzoyl chloride proceeds; 


yC6Hi 

>rN— C . Cl AlCli^ 

I III 

N> + Cfn.coci 

^C— CH 

I 

CHi 


/'CsHt 
C . Cl 

\ I + ™ 

c . cor.Hi 

I 

CHa 


Attempts to prepare 4-acyl derivatives of 5-chloro-3-methylpyrazole bv 
this method led only to the formation of 1-acyl compounds. It was found 
that only those chloropyrazoles which have an aryl group in the 1-posi- 
tion yield ketones ; however, the substituent in the 3-position may be an 
alkyl or aryl group. For example l-tolyl-3-methyl-4-chloropyrazole 
gave a 90 per cent yield of the 4-phenyl ketone, whereas 1-methyl- and 
l-ethylchloropyrazole gave no ketone. The 3-Bubstituent, however, may 
be aromatic or aliphatic. 


■■0. B. F. 9.1l7Jtt7 (1B88) to H Hraff and H. OhltoMr (to 1. O.): C, A,, 13. 1719. Brit. F. 4M.07j) 
' ^ i ^ Cham. AbV-B, UO C. A., 31. 

^F. C/km. 2(0.. 40. SIS (1919)1 C. Z. 19U, 1, 1110. ' 

JJe/. G aiyhko, Bj.. iZ. (1899)* A FrooHiih. Bar.. 17. 1979-1861; It, 1801-18W (18^ 

^ C. A. Rof^. By.. 18, 787-788 (1917)| C. A.. U. IMl. For 
noctloa of IfB-duM^lpyniola with AooM Bhlondi. loa B. dwhUl. J. Phann. Soe. /oocm. 80, 18'"^^ 
(Gormul ohitr.. 16-7) UMO); (7. A.. 14. M48. 
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The ByQtbesiB oould not be uaed with those psnraBolonefl which yield 
0- or 0,N-BUbBtitueatB. ThuB l-phenyl-S-methyl-S-pyrazolone yielded 
the S-O-benioyl compound, and 3-methyl-5-pyraBolone gave the 
O'-dibenBoate.*®* 

Recently, however, Friedel-Crafts acylation of l-phenyl-2,3-dunethyl- 
S-pyrasolone hae been claimed.*®^ Reaction with dicthylacetyl chloride 
in the preeence of aluminum chloride yields l-phenyl-2,3-dimethyl-4- 
diethylacetyl-S-pyraaolone, m.p. 132*’. 

Acylation of Aromatic Compounds of Arsenic and of Selenium 

An attempt has been made to react acyl halides in the presence of 
al uminum chloride with aryl arsines, but decomposition resulted, with 
liberation of arsenic trichloride. Fhenyldichloroarsine thus gives with 
acetyl chloride a 52 per cent yield of acetophenone: 

CiHiAaCl. + CHiCOCl CU.COCiH, + A«C1, 

Like decomposition occurs when chloroacetyl chloride is the acid halide 
used. Kitrophenyldichloroarsine undergoes similar decomposition when 
acylation is attempted.*®® 

Aryl compounds of selenium may undergo normal Friedel-Crafts acyl- 
ation. Selenonaphthene with acetyl chloride in carbon disulfide solution 
in the presence of aluminum chloride yields methyl selenonaphthyl 
ketone.*®* 

■"C. A. R^kbo, Sir.. SB, »I-1M (HU). 

■'Omun P. U9.4B8 (1BS8) tg H. P. Ksufmana; C. A., 32, 1009. 

•■M. B. Mdinordiil, /. Otn. CHem. (U. B. S. R-h 9. ISU-lUB (1035); C. A., m 3182. 

■■ G. Komppa ud Q. A. Nymu, /. praJbt. Chmn., U, I1I-2M (IBM) ; C. A., M, 2710. 



Chapter 7 

FriedehCrafts Synthesis. Part III. Ring Closure 
with Evolution of Hydrogen Chloride 

The use of aluminum chloride in effecting ring closure with certain 
halogenated organic compounds is a useful tool in the synthesis of poly- 
nuclear hydrocarbons. The condensation may be intramolecular/ 



Intramolecular condensations have been effected not only with numerous 
acyl halides but also with m-halogenoalkyl benzenes 

III 

I 

c 

CHi . CHi . Clli . CHiCI .|p. /\/ 'CHj 

(11+ HCl 
V\ /CH, 

C 

I 

Hi 

A halogenated ester may undergo ring closure/ probably with preliminary 
rearrangement to j3-halogenated hydroxy- ketone: 




0 


> E. L. Martin and L. F. Ficier, Orgoriie 11 77*79 (Wft). 

> M. Frannd and K. Fleiflohar» Am., 573, »1*3M (1910). 

•1. V. Bnnn and H. Deutaoh, Ber., 09, 1997*1974 (19li). 

V. Aawflra and E. Hilliger, Ber., 49, 3410-3415 (1010), 
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Ring closure of aryl esters of /S-chloropropionic acids have been shown 
to proceed with intermediate formation of hydroxy- ketones 


o 



rfTj Clla CHi 


Ring closure of a-halogcnatcd aryl butyrates " is also effected with alu- 
minum chloride. 

The kctonic group has an activating influence on ring closure. Witli 
ketones, ring closure is effected even with certain aryl derivatives of 
acetyl chloride, but aralkyl halides with less than 3 carbon atoms do not 
undergo ring closure under the most stringent conditions, and good yields 
are obtained only with u-halogenated butyl or amyl benzeneB.*^ 

Table 18 has been compiled to illustrate the types of ring closures 
which have been effected by the action of aluminum chloride on acid 
halides. For convenience they have been classified as follows: 

Polynuclear derivatives of acetyl halides 

Cyclic derivatives of propionyl, isobutyryl, butyryl, and valeryl 

halides 

Aralkyl dicarboxylic acid halides 
Derivatives of benzoyl chloride 

Alkoxy- or aryloxy- derivath^cs of the foregoing acid halides 

Ring closure of compounds of nitrogen, sulfur, or arsenic * and ring 
closures effected through intermolecular condensations^ are listed else- 
where. 

Naphthylacetyl .halides yield acenaphthenones. Aryl derivatives of 
propionyl chloride generally give hydrindones, whereas tetrahydronaph- 
thalenes are produced from arylbutyryl chlorides. Although the forma- 
tion of a seven-membered ring from phenylvaleryl chloride has been 
cited,® aryl derivatives of valeryl chloride generally give tetrahydro- 
naphthalenes. Branched chains give rings corresponding to the number 
of carbon atoms in the straight chain. Thus cymylisobutyryl chloride 
gives the corresponding hydrindone and not the tetrahydronaphthanc 

S7 AM “W* van Zutphan, Bat., W, aoD-a02 (1924). F. Krollpfelffw and H. Bchultrc, Brr., 

QQU’BOl (ini), 

• K. ▼. Ainran, Aim., 4M, lU-lTS (im). 

V. Braun uid H. Doutsch, foe. tii.t J. v. Braun and M. Kuhn, iO, 2557 -‘2560 (1937). 

♦ Bee pages 412-427. 

t Bee page 427. 

H. Kjppina Md A. E. Hmrtnr, /. CTiem. Sw., 71, eM (1*01). 

w- Q. WhitUoton, Am. Chm. Hoc.. S, M*-0« (1M7). 
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CHi 


^CHi . CHCOHi) . COCl 


(CHs)tCH 


CHi 


AlCli 


/v-' 


,OHi 

'Y^c^'^ch, 

(CHi)iGH H 

o 


In general, branching of the ring increases the yield of the cyclic com- 
pound formed from this chain. Nuclear alkylation of the aromatic resi- 
due likewise favors ring formation.^ ° 

Aralkyl derivatives of benzoyl chloride may undergo ring closure wiili 
replacement of an adjacent labile hydrogen. Thus o-9-phenanthryl- 
methylbenzoyl chloride yields a benzanthrone 



AlCli 



+ HCI 


Ring closure of aralkyl acid halides having an ether linkage in a 3- or 
4-carbon chain leads to formation of ring compounds of oxygen 


o 

II 

c 


AlCI* 


Q-CHi CHiCOCI 


a: 


CHb 

I 

CHi 


+ HCI 


The method gives theoretical yields of flavones from ^-aryloxyciniiamuyl 
chlorides 


Airii 


a 


''CH 

II + HCI 

/'O-C.B. 


CtHi-C : CHCOCI 


Oxalyl chloride reacts easily with phenols to give mono-esters. With 
phenol, for example, the reaction is 


O" 


+ CICO COC! 


^ 1^0 ro. 


COCl 


I*F. Sbycr anil O Stun, Btr , X, MM-MU (ini). 

"S. Bergmann Mid T. Bolin. 8 oc , 491-194 (199B) 
Aradt Mid G Kdltner. Bwr. ST, S09-MO (1994) 
BuhanHiD. Ber , U, 2t«-9]ir (1919) 
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Under the influence of aluminum chloride in carbon disulfide solution, the 
phenyl oxalyl chloride formed is changed to give salicylic acid and a little 
(o-hydroxyphenyl)glyoxylic acid.*^ The reactions may proceed: 


a 


Aiai 


a 


(xr*- (Ccs) cc" 

With m-tolyl oxalyl chloride, however, the following occurs: 


isv r ' 

C . C'U . CUCl 


"V'’ H HCl 

/CO 


Whether a cumarundione or a hydroxy- carboxylic acid (c.g., salicylic 
acid) is formed by the action of aluminum chloride on an aryl oxalyl 
chloride depends upon the stability of the cumarandione. The stability 
of cumarandiones has been shown to be increased by the presence of sub- 
stituents in the meta- position, but diminished by those in the ortho- or 
para- positions. Thus p-tolyl oxalyl chloride gives mainly p-cresotio 
acid, which is analogous to the result obtained with phenyl oxalyl chlo- 
ride. Besides meto-tolyl oxalyl chloride, other aryl oxalyl chlorides 
having a meta-substituent have been converted to cumarandiones: 


^\|/^o . CO . I 


9®^'* AlClj 


\ /-CO 
0 


However, in tlie case of p-tolyl oxalyl chloride, the following occurs: 


\ /'CO 
o 


4 .H .0 

/oh 


'O: 


(Text Dontinued on p. 4121) 


So2* »U«-USI ( 1 #I 4 ). B. Stolle ukI E. Knrtx-I, Ber., 54, Uia-llM (ini); /. Chem. 
‘ ^®*'> wl (I), 575. 
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Table 18. 

PAumtHtar Derifabves ef Aeelyl Hahdea 


Aoid Chloride 

naphthylacetyl chloride < 
bromide 


Pioduot 

accnaphthenone 

0=C CHi 



Yield 


Ref. 

21 


4-bromoiiaphthvl'l- 
aoetyl cbloride 


S-bromo-T^acenaphthenonp 
0=C CH* 


8 




phenyl-o-naphihyl 
acetyl chloride 


7-pheiiylarenaphtbononp 
(16 g from & g acid) 
H 


22 



ci«-2-phenv]-l,2,3,4- tetrahydro- 
l-naphtDalene^Bcetyl chloride 
Ha 


C 



c=*o 


Cl 


ci«^keto-5,6, 1 1 , 12, 13, 14> 
hcxahydf^hryeene 


Hi 

I 

c 


Cc 




H.C'' 

fc ^ 

\^ch" 


c 

II 


o 


BI% 5 






ANHYDROUS ALUMINUM CHLORIDE 


Anri Chlimde 


Table l8r^(Conlwued) 
Prodint 


(23 g of I and 42 g of 11 from 
78 g of the chloTioe mixture) 


78 g of the ( 
CHs 



^-vn*tolyl-/^phenylpropionyl 

chloride 


^-o-tolyl-^henylpropion 3 1 
chloride 


^-p-tolsrl-^phenylpropionyl 

chloride 


(-benfyl-^-(m-tolyl)-propioiiyl 

chloride 


’<7 

^CI 

<3 


■>CH-roci 


benxyl^phenylpropyl 
acetyl chlonde 

CiHiCHi/ 


H.OOCl 


S-mpthyl-S-phenylhydrindone-l 60% 
CHb-^ 


S-o-tol) 1-1-hy dnndonc 


CIIi CH-CHa 

<5-1 

3-p-tolyl-l-hydrindone 
Cftt-/ \-CH— CHi 






70% 54 


2-bf>iiiyl«5*iiipthyUiydrindone 76% 

CHr< > CO 

o 

2-r-pbenylpropylhydrindone 60% 

/'CH . (CHi)i . CiHi 
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Table l%-~( Continued) 


Aeid ^hloridB 


Product 


(^^heD;^lethyl)-beiiaylacetyl 


^beniyl-cr-tetralone 


11a 

I 


a ^'^CHa 

/CIT . niTi . CsHi 


C 

II 


o 


Yiflld 

60% 


Ref. 

36 


/9-(iiaphthyl-l )-propionyl 
chloride 


7,8-dihydro-0-pheDaloiie (I) 
or 0-phenalone (II) 


(1.4 K of (I) from 4.5 g of 
cliloridr) 



(I) 8 
(II) 51 


(3<(naphthyl-l)-cr-ethylpropionyl 

chloride 


8-othyl- (7, 8-dihy dr 0-9- 
phenalonp) 

(19.5 g from 20 g chloride) 



0=C C-Ha 


\/ 

O— CaHa 
H 


8 


3-(iiaphthy 1-2) -propiony 1 
chloride 


4,5-hefiKn-indanoiie-l very 8 

low 



HaC— CHi 


/^(iuiphthyl-2)-a-ethyl- 
propionyl chloride 


3-(4-bromoiiaphthyl-l). 
Propionyl ctloride 


2-ethyl-(4,5-benzo-indaiioDe-l) 8 



7,8-dihydro-9-pheDalone 8 

(0.0 g from 15 g of the chloride) 
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m 


T^e 18 — (CatUinu^d) 

AoU Chloride Product Yidd Rof. 



C 


I 

Hi 

-f2-(9|10-dihydropheii- 3'-keto^,10-dihydro-2,3-cyGlf>- 97% of 4B 

anthryOl-propionyl chloride pentamiphenanthreiie (I) and rrude 

l'-Keto-941Hlihydro-l,2-cycli>- ketonee 
pentanophenanthrene (II) 

[(I) : 5.6 g from 10 g of acid. 

(II) : 1.2 g from 10 g of acid.] 

0 

II 


C-CHs 



( 11 ) 


lI-pheny]-/S-(0-anthron-10-y 1) - 
propionyl chloride 

3-(9-anthron“10-yl)-l-hydrindonc 

56 

/!l-(4-mtropheDy])-]^(94Uithron- 
10-yl)-propionyl chloride 

no reaction with AlCli in CSa 
(due to nitro group) 

55 

Cyclic Derivativea of hobutyryl HaSdea 


I'.vmylisobutyryl chloride 
(^ymyl-orinothyl 
propionyl chloride) 

2,4-dimethyl-7-iBOpropyl- 

hydrindonc 

(15 g from 20 g of acid) 

28 

^(^^phenanthryl) -isobuty ryl 

3-methyl<-6,7-( 1 ,2-naph tho) - 
hydrmdone-1 

H 

43 



O 



ANHYDROUS ALUMINUM CHLORIDE 

Tftble lE^(ColiUinu9d} 


EH 


Aud Chkride 


^S-pbenanthryI)-i60butyryl 

chloride 


/EI-6-retyliaobut3rryl chloride 


Produot YMld Ref 

3-iiietbpl-6J-(7\B-iiaphtho)- 42 

hydrudone-l (I) and 

3-inethyl-6,6-(l '|2'-iiAphtho)- 
hydnndonB-l (II) 

(3.8 g of I and 0.4 g of II from 
14.2 g of acid) 

H 

\ 


HfO C-CHi 



(I) 


II 


I 

riii-c — cHi 



(11) 


l'-ketcH3'-methyI-6,0-cyclo- 47 

pentanoretene 


o 



Cychc Derivatives o] Butyryl Halidea 

10% 3,14, 

16,17 

70% 27 

74-01% 29 

CHi 
^CHi 

I 

/CHi 
CO 


If 

il 

r 

2-methvl-l-keto>l ,2,3.4- 
tetrahydronaphthalene 

70% 18 

Y-phenyl-Y-methvl-n- 
Dutyryl chloriae 

d-methvl-l -keto-1 ,2,3.4- 
ietraliydronaphthalene 

70% 16 

Y-phenyl-fi,/S-dimeth> !• 
Dutyryl chloride 

2,3-dimpt]iyl-l-keio-l,2|3,4- 

tetrahydronaphthalone 

62 



T^phenylbutyryl chloride 


t^keto-1,2.3,4- 

tetrabyoronaphthalene 
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405 


Aeid Chloride 

Y.(2,4-diiDethylphenyl)< 
butyryl chloride 


Tftble 18— rConetnuedJ 

Product , Yield 

6-keto-ly3-dmiethyl-6,6^7,8- 

tetral^dronaphthBleiie 

(13 g from 17 g AlCh) 

CHa 



Aef. 

7 


7 -o-tulyII»utyryl nhloriilo 5-keto-l-methyl-^i6,7,B- 9,10 

tctraby dronaphthalen p 

(5 g from 7.5 g of acid chloride) 

CHi 



7 -p-tolj|l^butyryl 

chloride 

7-methyl-l-keto-l,2|3,4- 

tetrahydronaphthalpnp 

72% 

15 

7 -p-tolyl-flrmethyl-n- 
butyryl chloride 

2,7-dimethyl-l-keto-l,2,3, 

4-tetrahydronaphthalene 

75% 

92.6%, 

15 

52 

7 -p-toly]- 5 -methyl-n- 
uutyiyl chloride 

3,7-dimethyl-l-keto-l,2.3, 
4-tetrahy dronaphthaJene 

72% 

90% 

15 

52 

T-p-tolyl-T-methyl- 
Dutyryl chloride 

4,7-dimethyl-l-keto-l ,2.3, 
4-tetrahydroiiaphthalene 

76% 

15 

a,|^methyl-^ 

((^-tolyl)4)utyryl chloride 

2,3,5-trim ethyl-l -keto-1 ,2,3,4- 
tetrah^'dronaphthalene 


52 

a,/!Nlimethyl- 7 - 

(p-tolyl)-butyryl chloride 

2,3,6-trimethyl-4-keto-l,2,3,4- 

tetrahydronaphthalpDP 


52 

7-o-tolyl-^thylbutyryl 

chloride 

5-keto-] -methyl-7-ethyK5,6,7, 
S-tetrahydroDaphthalene 


10 

T^tolyI-flH»thylbut3’^ryl 

chloride 

5-keto-l-methy 1-6-et hyl-5,6, 7, 
B-tetrahy dronaphth alene 


10 


(B g from B g of acid chloride) 

Ha 

CH. I 
C 

^CHa 

I 

/Cn(CaTlA) 

CO 



9-Y-4liphenylbutyryl chloride 


S-phenyltctralone-l 

Ha 



C 


11 


76% 38 


O 
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Hi Hs 

r-6-bydrindylbutyry] chloride flj-ryfloppntano-l-tptralone 92% 31 

Hi 

I 

c 


/\ 

HiC CHi 



HiC — CHi 
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m 


Table IS^iConUm^d) 

Add Glilorid€ Product Yield Aef. 

Cyclic DenvaUv€$ of Valeryl HaEdeB 

phenylvaleryl chloride benao-o-keioheptamethyleDe 14 

CHi 
^CHi 


/CHi 

CO 




Y-p-tolylvaleryl chloride 

1 ,6-dimethyl-4»keto-l .2,3,4- 
tetrahydiDnaphthalene 

52 

y-o-tolylvaleryl chloride 

4 ,5-dimethy]- 1-tetraJone 
(8 g from 9.0 g of the acid) 

9 

7-(2, 5-dimethylpheDyl)- 
valoryl chloride 

l,4|5-irimethyl-8-keto-5,6,7, 

8-tetrahydroiiaphthal«ie 

52 

7-(2,3-dimpthylphenyl)- 
valeryl chloride 

5-keio-l,3,B-trimethvl-5,6,7, 

8-tetrahydroDaphthalene 

7 


(20 g from 29 g of the chloridp) 

CHi 

1 CH . CHi 

rV T’ 



CEM'\y\ 

c 

II 


/I-mplhyl- 7 -(p-iolyl). 
valeryl chloride 

o 

1 ,2,6-iriinethyl-4-kl»t o-l ,2,3, 
4-trtrahydroDaphthaleiip 

52 

jS-incthyl-Y-(o-tolyl)- 
valeryl chloride 

1 , 2,8-f rimetbyl-4-kpto-l ,2,3, 
4-tetrabydroDaphthaleiic 

52 


(8.8 g from 10.7 g of acid) 



/3-|)henylgluiaryl chloride 


a-beuiylclutaryl chloride 


Aralkyl Dioarhoxylic Acid Halidea 
3-kctobydrindyl-l-BiTtic acid 80% 


(178 g from 208 g of chlurido) 


CHiCOOH 



2-ci-hydrindoiiyl-^propionic 

arid 

X/X/CH . CIliCHi . COOH 
CO 


30% 


33 

44 


38 
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Table VA—(Centam»d) 


Amd OhlnndB 

/T-beniobydrylglutaryl chloride 



Ha Hb 


Yidd B«r 

61.77o 32 


di-vKtolyladipyl chloride 


^phenyladipyl chloride 


2,ll-diketo-5,14-dimethy]-l,2p0, 
lOj 1 1, 1 B-hexahy drochiysenp 


l-keto-1.2,3p4-tetrahydro- Lead II 

naphtlialene-4-acetic than 1 

and (I) and 


3,7-diketo-l ,2,3p4-tptTahydro- 
acenaphthpne (II) 


O 


II 


c 



^CHa 

I 

/CUa 


CH 

I 


CHj . COOH 

a) 


Kqual 
yield of 
I and II 


34 

33 


44 



C 


II 

o 

( 11 ) 

/IpP^^dlphenylndipyl chloride diketohexahydrochryBone (I) (I) 45% 46 

■nd 

l-keto-3-phenyl-l,2p3p4-tetra- (II) 8% 
hydronaphdialene-4-acetio 
acid 

ai) 

o 



(I) 



FRIEDEI^CBAFTB BYNTHEBIB 


Aoul Ghloridp 


T»bJe \^^(Cvntin%L»d) 

Produot 
HOOC . CHs 


a ^C-H 

✓ CH. 


/9-lir‘iizyladipyl chlorirlp 


Uketo- 1 |2,3,4-tet^ahyd^o- 
naphtnalene-3-'y-p^opi- 
un1c aoid 


yCH . (CHf)2COOH 


T-phrnylpiniplic arid rhlnridr 


]-ketn-1.2,3,4-tetrahydrn- I : 53% 

naphtnalene-d-T-propionic II : 6% 

acid (I) and 

hpxahydrobenznaphlhpnr-a, I : 17% 

c'-dionr (II) II : 45% 

CO 


a;: 


CHa . CHaCOOH 

(I) 


iienzylauccinyl chloride 


CX 

0=0 CHa 

\/ 

C 

I 

Ha 

(H) 


l-keto-1.2,3,4-tetrahydro- 
naphtnalene-3-aoetic acid 


60-65% 36 


a 


'^CH . cool 

CHaCOCl 


a: 


''CH . COOH 
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Table IB — (ConHnuvd) 

And Cltlortda Product Yield lUif 

tt-tnixillyl chlondp (2,4- o-tnixojie 35 

diphenylryelobutoDe- 1 - 
dicarboxylic acid chloride) 


Aralkyl Derivattnea of Benzftyl Chlonde 


o-O^heponthTylmethylbeiicnyl 

chloride 

1 ,2,3,4-dibenz-0-«Jithrone 
(2 g from B g of acid) 



2'-iDethyl-l '-naphthvlmethyl- 
2-beiixoyl chfonde 

l-mcthyl-7-plpiadcnone 76- 86 


1 1 


0=C CHa 

2', 3', or 2', 6'- or 2',7'-dimethyl- 
1 '-iiaphthylmethyl-2-beiixoy 1 
ohlondes 

1,2- or 1,5- or l,6-dimcth>l- 76-85% 

7-pleiadenonc 


Alkoxy tjT Aryloxy Dmuaiwes of Acid Halides 


a-methyl-Cp-niethoxy-^phen^ 1)- 
propionyl chloride 

^-phenoxypropionyl chloride 


2-methyl-4)-inethoxyhydnndnnr 

f hromanone 

(8 K from 10 r of acid) 
o 


a 


I 


33% 


^p-crc^xy-propionyl chloride 

2'-methoxy-l '-naphthyl-methy 1- 
2-ben2oyl chloride 


O-methylchromanonc 

lHDethoxy-7-pleiiulone 


O . CHs 



0=C CH. 


44% 

75^85% 


5.1 


39 


23 


39 

40 
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Table lS-~( Continued) 


Acid ChlocldB 

^(4-inethoxyiiaphthyl-l )• 
propionyl ohlorido 


5-iiitrodiphenvlethisr-2- 
boxylic acid chloride 


■-2-car- 


/S-pheDOxycrotouyl chloride 


Product Yiidd 

7|S-dibydro-9-pheiialone 
(3 mg from 16 g of chloride) 



OC CHa 

\ / 
CHi 

3-mlroxaiithone 


O 



2-iDethylchroiiione 

o 


Ref. 

8 


7 


26 


/9-;>-tolyloxycrototiyl chloride 
3-pliciioxyci]inanioyl chloride 


|9^^tolyloxyciuiiainoyl chloride 

/S^p-tolyloxycuuutmoyl chloride 
^-tolyloxycituuunoyl chloride 


C 



^CU 

II 

^C.CHi 


O 


2,G-dimethy1 chromone 


26 


flavonc 



almost 24 
theoretical 


mixture of 5- and 7-methyl- 24 

flavones 

6-mcthylflaTone 24 

R-methylflayone 24 

0 


d-thymoxycmoamoyl chloride 
^^jJ®Jj^o*yphM|oxyciniiamoyl 



5-methyl-8-iBopropylflavunc 

S-metboxyAavone 


24 

24 


Wr/fTCTlCPJI 

' ^ am “*** 340-M4 (IMl); J. Chnn. 8oe. Ahs., 122 a), 2M 

3 F S' \ Acw., fS, 8W-2M (IBH). 

1 a Hill- ^ y®*)' 

M. <^i^oni, /. Am. CAom. doc., <1, mS-IIO (1»B9V 
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20. J V. Braun and H Deutaoh, der, 45, 1207-1274 (1012) J Chem doc Abe. 102 (I), 435 (1D12) 

27. F. Amagal, Butt. aoc. cAim. (4), 41, 040-048 (1027); drt( CAem Abe -A, 070 (1027). 

28 W. G. Whittlmton, J. Am Chem. 8oc , 59, 825-826 (1037) 

20 E L. Martin and L F Fiei«er, Org. Synthmaee, 15, 77-70 (1085) 

80 A. Sohaarsohmidt. der. 50, 204-808 (1017); /. CArm &oc Abe, 112 (1). 274 (1017) 

81 L. F Fiesrr and A. M. fieligman, /. Am CAem doc , 59, 883-887 (1837) 
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84. Q R Ramage, /. CAcm dor , 397-401 (1088) 

85. R. Btoermer and G FtMTSter, der, 52, 1255-1272 (1010) / C/um dor 4be, 116, 444 (IDIO) 

80 J. V Braun, der. il, 441-448 (1928) 

87. J. V. Braun, O Bayer, and L CnssA, Brr . 60, 2002-2000 (1027) 

IB. J. V Braun and G Mans Ann . 468, 258-277 (1029) 
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41 R Bcholl, K Mryer, anti A KUIn Ann, 513, 105-804 (1984). C A , 29, 773 

42 H Hilleman. der, 09, 2010-2017 (1030) 
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Intramoleculab Ring Closure of Halooenated 
Nitrogenous Compounds 

Cyclisation of nitrogeneous acid halides in the presence of aluminum 
chloride may be used for the production of oxindoles, acridones, tetra- 
hydroisoquinolines, isatins, azafluorenoncs, and azanthranols. u-Halog' 
eno-N-alkyl aryl amines do not easily undergo ring closure, although tlx 
conversion of N-»-bromoethyl-N-etbyl aniline to N-methyldihydroindnlL 
in 35 per cent yield has been reported 



UJ. V. Bi>un, K. Hrtder, Mid B. Mullw, Rn-., H, 1U7-1U1 (MIT); /. Cham. Soe. Aba.. IM, 1°' 
(Ull). 
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CycliEation of N-chloroacetylarylaminefi with aluminum chloride 
occurs readily, an 85 per cent yield of oxindole beinj; secured from chlorn- 
sretanilide: 

"X rnici - X 

II I •' 

c=o I CO + HCl 

I I 

II II 

The condenKation is likewise applicable to homologs of chloroacet- 
anilide.^" It is not as applicable to aryl derivatives of glycyl chloride. 
Although N-^-phenylethyl-N-methylglycyl chloride gives a 40 per cent 
yield of N-methyltetrahydroisoquinoline,''^ the condensation is not gen- 


lla 


Ha 


N CUa 

I 

('ori 


^CHa 

I + CO + HCl 

N . CHa 
C 


oral for N-aralkyl derivatives of glycine. Thus, N-methyl-N-benzyl 
glycyl chloride is decomposed by aluminum chloride, and no cyclization 
occurs 


CaHaCH. . N (CHa) . CHaCOCl CaHaCHa . N (CHa) . CHaCl + CO 

The easily hydrolyzed cliloro- base decomposes further upon contact with 
water. 

The cyclization of aralkyl glycyl chlorides may readily be effected 
hy first introducing an arylsulfonyl residue into the nitrogen and then 
treating with aluminum chloride to effect ring closure: 


Cell. (CHOaNII . CH.COOH C.Hb . (CHOa . N . (BO,C»H.)CH.COOH 


CHi 
CHi 


a 'I' 


PCI# + Airis^ 


PHi 


. BOsCsHft 


a:: 


. SOiCeHs 


CHi 

I 

COOH 


C 

I 

Hi 


The benzenesulfonyl group is easily removed by acid hydrolysis. An 
80 per cent yield of tetrahydroisoquinoline is secured.^® The method is 

.!‘L Bnun Mil it WkT* B.. 


MBnnich and R. Kiiphnl, Ber., 45, 5ti-822 (1912). 
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of general E^iplicability for effecting ring closure of aralkyl glyoyl chlo- 
rides. 

Isatins may be produced by cyclizing the reaction products of aryl 
amines and oxalyl chloride 



Airii 



rHa 

r-o 

I 

c-o 


The method is rather general for the production of N-substitutcd 
isatins from secondary amines, althougli cyclization of the condensution 
product of diphenylamino and oxalyl chloride has been found to result \u 
the production of acridine carboxylic acid.^ It has also been extendeil 
to the preparation of naphthisatins in which the N-hydrogen is not 
replaced.^^ 

Carboxylic acid chlorides of diphenylamino or of other N-aryl ainino- 
polynuclear hydrocarbons may be cyclized to give acridones. Thu'^ 
5-nitrodiphenylaminc-2-carboxylic acid chloride gives 2-nitroacridone*2 


o 



H If 


Tlie cyclization finds application in the dyestuffs industry for the pro- 
duction of anthraquinone acridones 



o o 


Carboxylic acid chlorides of arylated ring compounds of nitrogen miLV 
undergo ring closure by treatment with aluminum chloride. The reaction 
is generally applicable to compounds of the quinoline series. 

»J. V. Brmun. G BlMmi. wd R. B. Ofthn, Bpt . ST, B08-012 (IIM). 

■R. BtaU«, /. pnkt. Chtm , 106 (II), 107-149 (1022), / Chem Boc. 134 (1). UU 
n Britkh F. 2a2M (1020) and Oeeman P 449,040 to 1 G ; C Z., IfJI, 11, 2229 
* F. nililiaTiii Hid G. Wogner, Ann., 255, 990-871 (1007) 

■F UUmnno and M Hobo, Ann, 200, 100-041 (1011) 
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2-pheiiylquinoline-3-c&rboxylic acid chloride gives almost a theoretical 
yield of 23-b6nso-l-aza-9-oxo-fluorene 


0 



It is not as applicable to single ring compounds of nitrogen, although 
some arylated derivatives of lutidine carboxylic acid chloride and of 
pyridine dicarboxylic acid chloride have been cyclized by aluminum 
chloride.^® 4-Phenyl-lutidine-3-carboxylic acid chloride gives a 70 per 
rent yield of l,3-dimethyl-2-aza-fluorenone: 


CHb h 




CHb 
I * H 
/C=C^ 




+ HCl 


CHi COCl 


and 2, 6-diphcnyl-3, 5-pyridine dicarboxylic acid chloride yields 2, 3,5,6- 
dibenzoylcnpyridine in similarly good yield: 


o 0 

COCI COCI II II 



Intramolecular condensations of nitrogeneous carboxylic acid chlo- 
rides arc listed in Table 19. 

Intbamoleculab Ring Closube of Sulfub Compounds 

Although ring closure of sulfur-containing aralkyl acid chlorides is a 
very useful step in the preparation of compounds of the thioindigo series, 
aluminum chloride has been little used for this purpose. 

Aryl-substituted thioglycolic acid chlorides undergo intramolecular 
condensation to yield keto- or enol-thionaphthenes. Thus S-(5-bromo-3- 
mclhylphenyl)thioglycolic acid chloride gives a 35 per cent yield of 
6-bromo-4-methyl-3-hy droxythianaphthene ** : 



■*w' teSk" Z- (••">- 

K ■ "1 Ann., at, JW-W {«••). 

*■ V. Auw«n, Bar., 51, O**)! C. A.. U, 14». 


(Text continirad on p. 4ZI> 
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Table 19. 

Aoid Halids 

m^Hdogeno-N-Acyil Amines 


chloroacetanilide 

(CsHiNHCOCHiCl) 


oxindole 


chloroacet-o-toluidid e 
(e-CHi-C«H4NHCOGHsCl) 

chloroacet-p-toluidide 

chloroaret^m-xylidi de 
l,3-(CH.).C.HiNHCOCH.Cl 


chloroacet-p-xylid ide 

N-methylrhlorarctanilide 

C.II5V 

>N-COCniCl 

CFIjr^ 

N-fthylchloracctanilidc 
N -methyl tri chlorare ta ii did v 
N-phenyltrirhlfjracetandide 


K- (^hloropjropiony])-deriya- 
tivea of arylamineSi e,g.t 
anilide of ^-cldoropropionic 
acid chloride; 


7-tiiethyloxindule 

5-mpth> loxindole 
5,7-diinethyloxindale 


N 

CHa I 
U 

4,7-tliinptliyloxindoli> 

1-meihyloxindole 


N-ethyloxiiidide 
l-mcthy]-.*l,3-di phlnronxindolp 

3,3-dirhlori>-l-pheDyJuxjndole 
(thia yielda N-pheny lisa tin 
upon treatment with watei) 

llydrorarljoBtyrdeR^ c g., 2-krtci- 95 
tetrahydroquinoli uc 


a 


a:i 


other arylides of /9-chloro- 
propionyl chloride include: 
0 , m, and ^toluidinc 
0 - and p-cldoroaniline 
2,4-dicnloroaniline 
0 , m, and p-aminophmid 
ti-pheuitidine 
p-nitroaniline 


rondeneation proceede anal- 
oijously (60-100% yields) 
with other mono-aminen to 
yidd oorreepondingly sub- 
etituted 2-ketotctrahydro- 

quinolinee. With diammee, 
fliketoootohydropheiianthro- 
linee are fcmied In 80% 
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Table l^^WonUmLed) 


Aoid Halide 

o~, m*i and p-phenylene- 
diamine 
diphrnylomino 


Produot Yiflld 

yield. From 
chioropropionyl-o-phenvleiie- 
^amine U formed the full ow- 
ing compound: 

Hi 

I 


lliC o«o 



lUC oo 




Ref. 


N-|9-chlurobutyryl derivatives 
of arylaminea: 
aniline 

0 - and p-toluidinc 
0 - and p-chloroaniliiip 
2|4-dichloroBniline 
o-phenylenediamine 


III 

Krtotf'trahydroquiiiolincs, c.f/., 5G-92% 20 

aniline yields 2-ketiM- 
methylictrahydroquinoline ; 
o-phenylenediamine yields 2, 
9-diketu-4,7-dimethyl-l,2,3,4, 

7,8,0, 1 0-ortohydropfienan- 
tnroline. 


^-phen>dethyljnethylglycyl 

chloride 

CiH. . (CHi)i . N(CH.) . - 

ClIiCOCl 


ArylaUd Olycyl ChlmUUa 


N-metkylle Iruhy droii 
quinoline 


OlhU- 


C,HB(CH,)iN(HOi . Cilfi) . - 
CHaCOCl 


• C'll* (CH,),N . (SO, . . 

c,H,) . cn,coci 


bensenesulfoiiyl dnivative of 
tetraliydroisuquinoline 


C»j 

CX 

\/\ ^N.SOjCiHi 


C 

I 


Hi 


brilzencsulfonyl derivative of 
niethyltetrahydroisoquinuliiio: 
saponification yields 

Hi 


C 



I 


Hi 


40 'j; 


h 0 % 


05% 


11 


12 


11,12 


i>-h)lu,»npRuifonyl derivative of 
N-g«iylp,„pylglycyl 


>-tulurni'Sulfnnyl derivative of 05% 12 

iom ot Ptrahy drpisoquiii olii le 
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Aaid Halide 


Table l^(ConUnued) 

Produet 


CeHi . (CH^. . N(SOi . CeHe . - 
CHi) , C&GOCl 


Hi Hi 

I I 


O— C 



^CHi 

I 

. BOiCsHeCHi 


Hi 


Yield 


benaeneaulfoDvl derivative of 
CHa.C«H4.(CMi)..NH.- 
CHiOOCl 


benieneeulfonyl derivative of 
(CHi)X)H . GeHe . CH. . - 
CH.NH . CH.C0C1 


8-methyl-<i^hoinotetrahydro- 7U% 
iaoquinoline (upon hydrolysis) 

Hi Hi 

I I 


o— c 



I 


Hi 

S-isopropyl-^a-homotetrahydro- 70% 
isoquinoline (upon hydrolysis) 


fief. 


11 


11 


Arylamine-Oxalyl Chloride Condensation Products 

N-methyloxanilic acid chloride l-meth 3 dp 8 eudDisatin 1 

(CeHi . N(CH,) , CO . COCl) 



CHi 


N-ethyloxanilic acid chloride 

1-ethylpeeudoisatin 

1, 23 

N-di-^i-tolyloxamio acid chloride 

l^tolyl-S-methylpBeudoisatin 

1 

beasylmaiiilic acid chloride 

l-henzylpBeuduisatin 

1 

N-phenyloxanilic acid chloride 

l-phenylpaeudoisatin 

28 

N-(phewl-er-naphthyl]oxamio acid 
chlopioA 

1 -ph enyl-6, 7-bena opscuduisaiiii 

1 

[(C»eHT}(GA)N . CO . COCl] 



^N-ethvlamiiranaphthalene + ' 
oxalyl efaloride 

N-ethyl-2, 1-naph thiaatin 

24 

^-naidithyloxaiiiic add chloride 

2|l-naphthiBatin 76-80% 

14 


CD— OOH 

Oir- 
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Add Hmlidii 

SHshlonniiiihenylaiiiine^ 
boxylie acid chloride 

4,Miiiitrodipheoylainiiie-2- 
oarboaiyUc acid chloride 


tf-iiaphthylphenylainine-2- 
carboxyhc acid chloride 


/9-iiaphthylpheiiylamine-2- 
carboxyLc acid chloride 

aiiihraquinoiie-2-anilido-l- 
earboxylio acid chloride 


Table If^fCorUinued) 

Produot 

2-Ghloroaprtdone 

1 ,3-diDitroacridone 
O 



NOi II 

1 ,2-beiixacridoiie 

0 

II 

c 

N 

1 

U 

2| 3-benzacri d on e 
anthraquinonc-l,2-acridnne 






arylami 

boxy] 


lamiimn^raq 
'lie acid chi 


uinone car- 
orides 


acridone derivatives 


Yidd Hof. 

7 

20 


30 


30 

93% 18,10,21 


78% 17.21 


21 


Acyl Halidea of N~ring Compounda 


4-phenylquinoline^3-oarboxyHc 
add chloride 


2,3-benxo-l-axa-O-ketofluorene 
(2 g from 2.5 g add) 


C«Hi 


CCr 



in 


oo 





422 


ANHYDROUS ALUMINUM CHLORIDS 


Table If^(Continued) 


Acid EUkU 

3-pheiiyl-2-ohlorooinehonic acid 
chlonde 

2,3-diplienylcinchonio acid 
chloride 



3*-phen3rl-5,6-beiutocmchoiiiG acid 
chloride 


2,3-(Uphei^l-5,6-ben2ocinchonic 
acia chloride 

3-beiiiylciiichoiiic acid 


Hi 



4-phenyllutidiiie-3-carboxylic 
acid chloride 

CHa H 



CH« COCl 


4*bMiieihoxypheny 1) lutidinc’ 
S-carbozylic ada chloride 

2,ft*diphenyl|iyridiiie-3,5-dicar' 
boi^ylio amd chloride 

ClOCy^Ny.COCl 

HfCi'^N^CiHi 


Prodoot Yield 

4-Gbloro*l,2-beiico-3-aiafluorenoiic 
(almost theoretical yield of 
the crude ketone) 

4-pheiiyl-8-keto-lj2-benio^ 
aiafluorene 
(6.8 g from 6.6 g acid) 



1 ,2(l,2)-naph tlio^aza-8-ket o- 
fluorene 

(2.7 g from 3 g acid) 

4-phenyl-l|2 (l,2)-naphtho^ 
aza-^ketofluorene 

lj2-benzo-3-azaanthran-9-ol 80% 



4-(2'.mtrophcnyl).l,2(r,2')- 
naphtho-3-azanuorenotie 
(3.6 g from 4.2 g acid) 



lj3-dimethyl-2-azafluorenone 70% 


CHa 



CH, 


1 ,3-dimethy 1-7-methoxy- 
2-azBlluorenone 
(2.3 g from 2.6 g acid) 

2,3.6,6-dibpnzoylenepyridinG- 
(2.3 g from 3.2 g acid) 

O O 



Ref. 

2 

22 

2 

2 

4 

9 

3 

3 

3 



rRIBDBL-CRAFTB SYNTHEm 
Table l^Conduded) 


RefereMEi 

" "• '• '™‘'- «■ 

2. W. Borwho Md t. Binn. Ann., 832, IM-ISS (1087). 

3. W« Boiiche mid R. Hahn, Ann., 53T, 210-348 (1880). 

4. W. BoiMhe mid W. Noll, dnn., S38, 137-148 (1087); C. A., 32, 608. 

^ ^ > *2, 7087. 

0. R. BtoUO, Bar., 4^ 1130-2183 (1014). 

7. F. Ullmm and O. Wagnv, Aw^ 3S1 880-871 (1007). 

B. R. BtolU and W. Beokar. Bet., 87. 1128-1124 (1024). 

B. W. BonohB and F. Sinn. itnn.. SBlL 282-206 (1080). 

10. W. Bonobe and F. Sinn, Ann., S3L 288-201 (1080). 

11. J. V. Braun and K. Wiri, Ber., §6, 102-110 (1087). 

12. J. V . Bnun, G. Blmnne, and R. B. Ciahn. Bet., S7.00H (1024). 

13. Brit. P. 288,224 (1027) to I. G.; Brit. CA«m. i(b«.-B, 224 (1028). 

14. Brit. P. 280 W (1020) to I. G., Bnf. Chem. Abg.^B, 827 (1928); German P. 448,040. C. Z., 

1937p II. 2228; Brit. P. 808.740 to 1. G. 

15. J. V. Braun. K. Haider, and B. MuUer. Bar.. 50, 1087-1061 (1017); J. Chem. Boc. Abi., 114, 

107 (1018). 

10. A. Klied and A. Fehria, Bar., 47, 1020-1040 (1014). 

17. F. tnimaim and G. Billig, Ann., 381, 11-28 (1011). 

18. F. Ullmann and M. Bona. Ann., 380, 880-841 (1011). 

IB. F. Ullmann, Bar., 43, 810-880 (IQlO). 

20. F. Ullmann, W. Badar, and H. Labhardt, Bar., 40, 4708-4700 (1907). 

21. Gannan P. 287,280 (1911) to Badlaohe Allnin und Buda-Fabrik. ; C. Z, 1911, II, 788. 

22. W. Borache and 0. Vorbaoh, Ann., 537, 22-3B (1988). 

23. R. StollO. Bar., 46, 3018-3010 (1018); C. A., 0, 708. German P. 281.040 (1018) to R. BtollO; 

Cm i4ie IPQSa 

24. Swim P. 02.088, 08.480, 03,480 to H. Btaurliiiffer; C. Z., 1923, II. 578. 

28. German P. 282.400 (1018) to Farbenfabrik vorm. F. Bayar A Go.; /. CAam. Boc. Aba., 108 
(I). 880 (1918); C. Z., 1915, I. 883. 

20. G. GallBH and G. Bermudez. Anni. Ftt. Quim., 29, 404-400 (1081); Brit. Chem. Abi.-A, 
1284 (1081). 

27, Gannan P. 841,112 to R. BtollO. 

28. German P. 281,040 to R. BtollO. 

20. F. Mayor, L. van Zatphen, and H. PhiUipa, Bar., 60, 888-804 (1027). 

30. F. Ullmann, Ann., 355, 812-888 (1007). 


A 75 per cent yield of 3-hydroxythianaphthene-7-carboxylic acid chlo- 
ride is secured from S-(o-carboxyphenyl)thioglycolyl chloride by treat- 
ment with aluminum chloride. Ring closure also occurs more readily as the 
molecular weight of the aryl residue is increased, the keto- derivative of 
the thianaphthene being obtained. Thus, 6-ethoxynaphthalene-2-thio- 
glycolic acid chloride gives an 80 per cent yield of the corresponding keto- 
dihydrothianaphthene 



coci 

I 

,/CHi 

8 


AlCli 


CjHa . Oy 

V^o 

+ HCl 

B 


Treatment of S-benzylthioglycolic acid chloride results in the forma- 
tion of the expected six-membered ring.** 

The crude product resulting from the action of aluminum chloride on 
niylthioglycolic acid chlorides may be directly condensed with haloge- 
nat^ isatins to give indigoid dyes.** 

Ring closure of a-alkyl-S-arylthioglycolic acid chlorides with alumi- 
num chloride does not proceed readily. Thus a-p-thiocresylisopropionyl 


C, 8 (UH) t 0 B. Runia, K. MoliUaika, Bnd E. Finha' (to G«»nl Aniliii, WoW, 

0. A“S’JXS'’ Shm ^r- sum (WT) to B. BunDe, K. Moldaanln, md B. Fiadur (to I. 00, 
**■•*■* (1^ to 1. O. Fartwnmdiutri., C. it.. U. IIOS. 

■U.‘ sTrilSS Ai «»*■ ^to.. IM ( 1 ). an (in). 

“• “• If. am, 111 to to.w . (to Hn Font) ; C. jL, Si, •HI. 
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chloride yields only a vety small amount of a product which is probably 
2^-dimetliy1-3-hydroxythianaphthene 



CH.-X/ 


j9-Arylmercaptnpropiony] chlorides undergo ring closure to thiochro- 
manones even in the cold with concentrated sulfuric acid;"’ but little is 
known concerning the use of aluminum chloride for this type of conden- 
sation. Lack of interest may be due to the fact that, whereas chroma- 
nones may be obtained by the condensation of phenol ethers with 
/J-bromopropionyl chlorides in the presence of aluminum chloride,*^ like 
reaction with arylmercaptans docs not afford a promising method for the 
production of thiochromanones. 

j3-(3-thianaphthenoyl)propionyl chloride undergoes ring closure, as do 
/9-aroylpropionyl chlorides 


HiC THi 


o=c 0 



Aluminum chloride has been reported to be inferior to phosphorus 
pentoxide or phosphoryl chloride for effecting ring closure to thio- 
flavones,” although it does catalyze the formation of thioflavone from 
/9-phenylthiocinnamoyl chloride 

The condensation product of thiocresol with oxalyl chloride yields 
methylthianaphthenequinone upon treatment with aluminum chloride,"’ 
and similarly ^-thianaphthisatin is obtained from jS-thianaphthyloxalyl 
chloride**: 



coci 

I 

yCO 


Airii 



Thioquinones may be prepared in good yield by treating keto- acids 
of tbianaphtbene with a halogenating agent and subsequent ring closuic 
witb aluminum chloride. Benzothiophanthrcnequinone is thus obtained 

(Tot gonifiiaad «■ P 

or. KraDpIMhr did H. SubiiltM, Bar. S*, IHS-lIM (!»). 

T. Akim aad B UnunarUrt, Ami , I-SS (ISini C. A , 14, MD. 

"r. KnUpfdfe ud K Brimader Bar., tt. I1M-I»1 (IMS) 

•T. Andt, Bar.. K IM-IITI (IW). 
a BhUmwiib, Bar., 4(b 1M8-Ilt7 (Itu) 

a. stdiA «r, fiM-iin (itii). _ „ p 

-BrMtab P. UtjSt (1«) to Boa. MMlt. pour I’lnd. ohlm. ■ BUt, C. A., IT, USt, Britoh r 
»4 Jt4 (IM) to Sue. ODa^ poor I'lad. Bbim. • Ball, C. A . U, UU 


■ a 

■B. 
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Table 20. 

Add Hdida 

S^Aryl Thioglyoolic Add Halides 


(O-carboxypbenyl) tbiogly coly 1 
chloride 


3-hydroxy thiana])hthciic- 

7-Garboxylic acid 


(a-chloro-S-carboxyphenyl)- 
thioglycolyl chloride 

(5-bromo-3-methylphcnyl)- 
thioKlycolyl chloride 
5,3-BrCHiC.HiSCH,COCl 

jS-naphthylthioglycolyl chloride 

l-mpthyI-2-naphthylthiogJycijlyl 

chloride 

l-halo-2-naphthylthiaglycolyl 

chloride 

aryltliioglyculyl haJidcSi e.g., 

8-chloro-l-iia]}hthylthio- 
glycolyl chloride 

(KSCIlaCOX, where 11 is any 
residue) 

alkoxyary Ithiogly culyl chi nride, 
e.g.j G-ethoxyiiaphthyl-2- 
thioglycolyl chloride 

benzyUhinglycolyl chloride 
C.H. . erf. . B . CHaCOCI 


4-chloro-3-hy druxy thian aph- 
thene-7-carl>oxylic acid 

6-bronio-4-methyl-3-hydroxy- 

thianaphthene 


3-thiophant hronuiie 

9-inethyl-3, (2)-thio- 
phanthrenone 

9-halo-3,f2)-thiophaiithreiioiie 


hydroxytliiaiinphtheors, r 
* 8-c;hloro-l,2-iiaphtho- 
thioinduxyl 


alkoxy-3-ke1 odihydrolhia- 
nuphthenes, e.g., 6-ethoxy- 
4 , 5-benz o-3-kel o-d ihy dr o- 
thianaphthene 

4-kptoiaothiorhrninan 
(2 g from 5 g acid) 


or, 4-hydroxyhomothia- 
naphiheuc 

COH 

O /' ^ClI 

n 


nf/j-^gcreay^^ionyl rhloridc 


2,6-diinrihyl-3-hydroxythia- 

uaphthenc (7) 





FRIEDEL-CRAFTB BYNTHBSIS 


427 


Table 7X^(Cwydiided) 

Aoid HilkU Produot Yield Ref. 



O 


4-inethyl-6-chloro-2,3'-dithia- 7>-(S)-2-zDethyl-4-chlo^ 78% 9 

iiaphthenyl-ketODe-2'-car- dithianaphthenylquinone 

boxylic acid chloride 


CHi o 



o 


naphtha]eiie-1.5-(2.2', dithia- l,2-bt8-bcnzothiophaiithrene- 86% 9 

naphthenoyl-3,3'-dicarboxyli c quinone 

acid chloride 



o 

iZfl/Brencefl 


1. F. KroUpfeiffer ud K. Bohneider, Rar., 61, 1284-1391 (1B2B); Bni. C/iem. Abf.-A, 900 (1928). 

2. R. Leuer and A. Mehrluder, Rer., 56, 1042-1048 (1928); /. Chvm. Soc. Abi.. 124 (1), 827 

(1028). 

3. SwiBB P. 108,447 (1084) to Boe, _pour I'ind. diim. a BUe; C. A., 29, 014. 

4> U. B. P. 1,705,708 (1980) to E. Runne, K. Moldaenke, and E. (to Glaneral AnQine 

Worla), C. A., 34, 4057 (1980); Gorman P. 515,541 (1927) to E. Runno, K. Moldaenko, and 
E. FiMher (to I. G.). C. A., 25, 3442. 

S. S. Ruhianann, Ber., 46, 2188-2197 (1918). 

0. British P. 208,400 (1927) to I. G. Farbeninduatrie ; C. A., 23, 8109. 

7. Oei^ p. 880,331 (1981) and British P. 800 ^49 (1981) to I. Q. Farbsnindustrie ; C. Z., 1932, 
I, 740. 

a ^ 1180-1132 (1911). 

9. F, A&y A._ Miwl^uri W. LaMOiann, W. Warner, P. Landmann, and B. Schneider, Ann., 


If' tO^jOOS (1027) to Boo. anon, pour Find. ohim. a BUe: C. A., 24, 1748. 

11. German P. 400,448 (im) to Boo. anon, pour I'ind. ehim. a Bile; C. A.. 24. 821 
5* 3285-2290 (1920) ; C. A., 15, 1487. 

Id. HritMli D fOfl am a- n i,.’ j . 


C.' A., 24, 8'251. 


ia 3285-2200 (1920); C. A., 15, 1487. 

190,859 (1921) to Boo. anon, pour Kind. obun. a Bftle; C. A., 17, 
IK 314.804 (19281 to Boc. anon, pour Find. chim. a B&le; C. A., 18, 

U. S. P. 2,008,101 (1980) to B. Havas (to du Pont); C. A., 31, 881. 


17, 1029. 
10, 2818. 


90 per cent yield from 3-bcnzoylthionaphthene-2-carboxylic acid 
chloride”: 


o o 



Mombour, W. Laaemann, W. Warner, P. I.»Bndmann, and E, Behnaldor, Ann., Ott, 
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Intramolecular ring closuirs of thio- compounds effected by treat- 
ment with aluminum chloride are summarized in Table 20. 


lNTERMOIiKrUL\R RlN<. ClOSURK 

Instances of interiuulccular ring clobtue, with evolution of hydrogen 
chloride, are pointed out throughout the discussion of Friedel-Crafts 
reactions found in this book, and individual cases will not be described 
here. Ring closures of this type may be generalized as occurring in 

(1) hydrocarbon synthesis 

(2) ketone synthesis 

The formation of polynuclear compounds is frequently mentioned, 
especially by earlici workers, in connection with the Friedel-Crafts con- 
densation of aromatic hydrocarbons and polylmlngenated alkyl or aralkyl 
halides. Anthracene dihydride, or its derivatives, is formed together 
with normal alkylation products in the conden^^ation of benzene or it^ 
homologs with methylene chloride, cthylidenc bromide, ethylidcne chlo- 
ride, vinyl bromide, chloroform, benzal chloride, and benzyl chloride 
The formation of anthracenes from methylene chloride has been explained 
as proceeding through intermediate formation of diary Imethanes 


lla 



Hi 


The intermediate formation of anthracenedihydrides, and their dehydro' 
genation to anthracene under the action of aluminum chloride, has been 
assumed.^^ Since the other halides mentioned above also yield diaryl- 
methanes upon condensation with aromatic hydrocarbons, the formation 
of anthracenes with these halides may also be explained in the same way 
However, other theories have been advaned. 

The production of anthracene from benzene and sym-tetrabromo- 
ethane may occur according to the scheme^": 




-I- 4HBr 


"C. Fri«d«l Hid J M Cimfti, Ann. chm. pht$. ($), It, IN-1T7; /. CArm 
(IW). J LavaiB, Cimpt. mid., m 44-4( (100^; / CAem Sac Abu . lU MMS) 
■R. AoMbllta, Aim„ US, M-MI (1M). 

• a. AnMhDta Hid MiAMdiH, Bn- , M, lOS-MI (IHI). 


Ror 

( 1 ) 


AA. , B, 
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Methylated anthraoenea are formed when toluene or the xylenes are used 
instead of bensene in the foregoing reaction; but with ethylbenzene no 
ethylanthracene is obtained^^ 

Other products of the reaction with benzene and 5|/m-tetrabromo^ 
ethane were bromobenzene, as^/m-diphenylethane, and anthraquinone.^^ 
The formation of bromobenzene indicates cleavage of bromine from the 
tetrabromide. The diphenylethane may have been formed by reaction of 
benzene with the partially debrominated compound. It has been shown 
that by the action of aluminum chloride on sym-tetrabromoethane there 
lb formed l,l-dibromo-2-bromoethane. However, direct condensation of 
this compound with benzene and aluminum chloride yields dibenzyl.*^ 
Another possible explanation for the formation of asym-diphenyl- 
elhanc and anthracene in the reaction is the primary formation of a 
lialogenated aralkyl hydrocarbon by reaction of the aromatic hydro- 
carbon with acetylene tetrabromide. The following could have been thus 
lurmed: 

/S-bromostyrene dibromide, CoHsCHBr.CHBrv 
Hiilbene bromide, CeHftCHBr.CHBr.CBHB 
tolane dibromide, CBHs.CBriCBr.CtHB 


Condensation of these products with benzene and aluminum chloride, 
however, was found to yield only symmetrical tetraphenylethane ; there- 
fore, they could not have been intermediates in the formation of anthra- 
cene. 

The production of anthracene derivatives may be due to intermediate 
formation of a lialogenated alkyl derivative of benzene. Aluminum chlo- 
ride has been shown to react on gt-chloroethylbenzcne to yield meso- 
ilimethyldihydroanthracene 


Clift 




iici 


CIHC 


X) 


AlClft 


CHi 


II CHft 

c 

/ \ 

n Clift 


asym-Diphenylethane is a by-product of the reaction. Both of these 
compounds are formed in the reaction of ethylidene chloride with ben- 
zene and aluminum chloride.’*’' This condensation can then be explained 
by assuming preliminary decomposition of ethylidene chloride to vinyl 
chloride, reaction of the latter w^ith benzene to yield of-chloroethylben- 
zonc, and subsequent condensation as above. 

Anthracene has been shown to be the iiroduct of the condensation of 
B;^-dibromoethylbenzene and benzene ivith aluminum chloride. Since 

“H. Mid H. Inunaiidurlf. Bir . 17, 2818-2817 (I8W). 

U. AnanhlllB icA ma 

882-866 (1886). It AnraliSti, Ann., 235, 802-807 (1180). 


*• AnwhUU Ukd BVlUimlg, Bn 
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bromobemene is also one of the reaction productSi this condensation may 
proceed according to the scheme: 


H 



H 


Bibenzyl is also formed in the reaction. However, if styrene, the dehalo- 
genated product, is heated with benzene and aluminum chloride on a 
water-bath, osi/m-diphenylethane is formed. The course of the above 
condensation somewhat parallels that of acetylene tetrabromidc and ben- 
zene so that the following sequence for the two reactions may be assumed: 

CHBn _ CHiBr CtHt 

CHBn CHBn 



CiH. . CHfirCH>Br CJl. . CH : CH> m‘”‘ + (C.H.).CII CHi 


Other instances in the literature cite self-condensation of halogcnated 
hydrocarbons in the presence of aluminum chloride. Benzyl chloride 
condenses with itself to give a low yield of anthracene.** A 4 per cent 
yield of perylene has been secured by the action of aluminum chloride 
on 1-bromonaphthalene.*'' 9-Bromophenanthrene yields some 2,3,10- 
ll-dibenzoperylene.** Since long heating with the catalyst is generally 
neoessaiy to bring about reaction, the mechanism of such condcnsationfi 
may resemble that of the Scholl synthesis m which aluminum chloride 
has a dehydrogenating action. Such dehydrogenating action is seen m 
the anthracme syntheses cited above, for the intermediate anthracene 
dihydrides are converted to anthracenes during the reaction, although 
the fate of the hydrogen evolved is not indicated. 

An instance of such dehydrogenating activity has been more recently 
confirmed in a study of the reaction of allyl chloride with benzene and 
aluminum chloride.** The condensation with an anhydrous catalviit 
yields 1,2-diphcnylpropaue, addition of phenyl taking place at the duuhk 
bond as well as by replacement of balogen, an intermediate product being 
chlon^ropyl benzene: 

CtHt + ClCHi . CH : CHi ~ CiH, . CH. . CH ; CH, 

- " C.1I, . CH, . CHCl . CH, 


MJ. UVMB Hid M. Lombud, BnU. Moe. rUm. f4). 7, UI-5M (1110); C. A., 4, 
NR. W^ilMobook uad C. B«r, Bwr„ 4i, 11*4-1000; C. A , 7, 2*47. 

N E. CItf, B*r„ m, B40-aBI (lin) ; C. ilo 2ib 40M. 

•a D. ud D. iL Immmu, Efr., U, lUO-llOl (1218). 
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If a hydrated, or weakened catalyst is used, the (chloroprQpyl)beniene 
undergoes self condensation to give dicthyidihydroanthracene, 

If Cilli 

c 

/ \ 

H Cillii 

which is dehydrogenated, as arc other dihydroantliracenes reported in the 
literature, to give diethylanthracenc, in this case. The hydrogen evolved 
serves to dehalogenate some of the (chloropTopyl)benEene, 

c.n. . cHj . CHCi . OR, ±*2*. c,H,rn,CH>CH, + hci 

With a weakened catalyst tlic reaction products of allyl chloride and 
benzene are therefore n-propylbenzene and diethylanthracenc. 

Such hydrogenating-dehalogenating activity has probably occurred in 
the synthesis of fluorene derivatives which has been recently cited. 
Diphenyl with dichloromethanc and aluminum chloride has been reported 
to yield fluorene: (See page 110). 

Ha C 

I 

Ha 

However, a pen-ring closure docs not occur in the condensation of naph- 
thalene or oE-naphthol with diphcnyldichloromethane. Instead, the pri- 
marily formed naphthyldiphenylchloromethane undergoes a dehydrogena- 
tion with simultaneous formation of a five-membered ring*^®: 



An almost theoretical yield of 3-hydroxy-9-phenyl-l,2-beMofluorene 
is thus obtained by condensation of *-naphthol with diphenyldichloro- 
methane. 

“E- caar, Her., C3, ai2-517 (1B30); C. A„ 24, 3007. 
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An unusual course is taken in the condensation of carbon tetrachloride 
with p-dichlorobenzenc at 55° for ten hours.®' At room temperature thr 
product H 2,5,2^,5'-tetrnrhlnrnhoiizophennne chloride, 


c I 



but at 56°, another molecule of p-dichlorobenzene is added, with forma- 
tion of a phenyl fluorene derivative probably having the structure* 


Cl 



Di-tertiary 1,4-dichlorides, e g , 2,5-d]chloro-2,5-diniethylhcxane, con- 
dense in the presence of aluminum chloride with aromatic hydrocarbons, 
phenols, or phenol ethers so as to introduce a new hydroaromatic cycle 
into the aromatic nucleus. Phenol thus gives an 80 per cent yield of 
6,6,8,8-tetramethyl-5,6,73-tetrahydro-2-naphthol, together with a rhro- 
mane derivative, produced by further reaction of the first product 


(CH,),C(CI)CH.CH,(C1)C(CH,). 


C»HiOH 
AlOIi ^ 


CHs CHi 

\ / 
r 

/ \/\/OH 
Clfi 

I 

\ 

r 

/ \ 

Cfl* Clli 


CHi CHi 

\ / 

r o CHi 

/ / \l 

CHa C-CHi 

I I 

C Hi H CHi 

N /\A|/ 

c r 

/ \ I 

CHa rHi CH 

/ \ 

CHi CHa 


Arsenic and sulfur halides react as do dichloromethanes in that two 

U S!“^» / ChmUB Chem. Boc , 4. 141-148 (108) S C Z , W34. H 
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halogene may be diaplaced for formation of ryclic products; beneene and 
siilfnr dichloride yield thianthrene,"*: 



ClHCl 

CISCI 




and fliphenyl ether with arsenic trichloride yields 5-chlorophrnoxarsitie: 


o ri n o 

a"o^ Y -ax) 

Cl Ab 

I 

Cl 

Ketone SynthesiB 

Acid halides which react with aromatic compounds and aluminum 
chloride to yield rinp; ketones may be classified as 

(1) Halogcnated aliphatic or aralkyl acid halides 

(2) Unsaturated aliphatic or aralkyl acid halides 

(3) Aliphatic dicarboxylic acid halides 

(a) Malonyl halides 

(b) Oxalyl hnlides 

fc) Diary limido chlorides 

(4) Aromatic carboxylic acid halides 

Halogenated Acid Chlorides. — Intramolecular ring closure of u-halo- 
gcnnacyl hydrocarbons has already been discussed, t 




+ HCl 


and it is to be expected that under certain conditions ring closure may 
occur during ketone synthesis without intermediate isolation of the open 
chain ketone: 



An interesting reaction is that of «-broinoisobutyryl bromide with 
benzene with production of 2-inetliyl-l-hydrindone 


fft and R. E. IfoMi Ber., 29, 435-M8 (1896); /. Chem. Boo. Abn., 70, 297 11896). K. Fri« 
?iIi,^C?'b?^lowiy, Evgeiin. /. Am. Chem. Soc., 43, 891-896 (1921). 


T See page 8M. 

■N. K&uMr, /. RitM. Phtt-Chm. toe., 4C. J411-14JT Pll4)i C. Z.. 1115, I. 1114. 
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4M 



CHi 

\ 

+ CBrCOBr 

/ 

CUb 


AlCln 



Since isopropenyl phenyl ketone was a by-product, the reaction may have 
proceeded as follows: 


o o o 



The condensation of trichloroacetyl chloride with benzene has been 
reported to yield fluorene-2-carbox3dic aeid.^® The mechanism of the 
reaction has not been investigated. 

In the condensation of phenol ethers with halogenated acid chloride‘s 
for the production of coumaranones, ring closure is favored by the pres- 
ence of substituents in the meta- position to the oxygen, and hindered h^ 
ortho- and para- substituents.®'^ Thus sym-m-xylenol methyl ether and 
a-bromopropionyl bromide gives a 60-70 per cent yield of 1,3,5-lri- 
methylcoumaranone 


CHi 


CHf 


CHj 



rniCHBrCOBr + A1C1»^ 

OC^B CHi 


OO 


o^cn. 


With resorcinol and a-bromovaleryl chloride, 1-propy 1-5-hydroxy cou- 
maranone is formed: 


OH 



CHi . CHiCHiCHBrCOCI + AlCIi^ 

OH OH 




Condensation of chloroacefyl chloride with p-thiocresol metliyl ether 
results in the formation of 5-niethyl-3-hydroxythianaphthenc in good 
yield": 


“0 


CHsClCOCI + AlCli^ 


SCHi 


C-<'H 

U^S/CH 
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The analogous reaction with 2-naphthyl methyl sulfide instead of p-thio- 
cresol metliyl ether proceeds very slowly, only a small yield of 3-hydroxy- 
4 , 5 -bensothisnaphthene being secured.*"* 

The preparation of thiochromanones by the reaction of /3-bromopro- 
pionyl chloride with 2-naphthyl methyl sulfide in the presence of alumi- 
num chloride has also been attempted, but the method shows little 
promise. Only traces of 5,6-benzothiochromanone were obtained.*"* 

Ring closure during Friedel-Crafts acylation with halogenated acyl 
halides, or with unsaturated acid halides, required the presence in the 
ring of favorably located activating groups. If the entering acyl group 
goes ffiefo- to an alkyl, alkoxy-, or hydroxy- group already present in 
the ring, closure may occur without isolation of the intermediate open- 
chain ketone. The presence of several activating groups facilitates 
reaction. 

Unsaturated Aliphatic Acid Halides. — Acid halides of unsaturated 
carboxylic acids may react with substituted benzenes and aluminum 
chloride to give heterocyclic compounds. Thus p-xylene and crotonyl 
chloride give 3,4,7-trimethyl-l-hydrindonc, together with the straight- 
chain acyl derivative. 



Ring closure takes place at the double bond. With cinnamoyl cliloridc, 
phenylhydrindoncs are obtained®': 


CHi 

OiHaCH : CHCOn + AlCIi^ 

CHi 


CHi 




CHi D 


Substituted phcnul ethers with crotonyl chloride yield chromanones. 
•'fl/m-m-Xylenol methyl ether thus gives 2,5,7-trimethylchromanone®*: 


CHa 


CH« 



CHaCH : CHCOCI+AlCIi 


OCHa 


Clla 



H. SchulU, 56, 1519-1854 (19W): 
«cWimibohm. «id B, Bommannyer, 88, 1664-lf7e (19MI. ^ , 


F. Krollpfeiffar, H. Behultae, B. 


I V . • DfJip 

■ » • rad E. 

^ Auwoi and R. 


RiMa. A'nn.. jfaz, 882-189 (m); t. A., 27. 8^ (1988). 
1>8U, Aim., 88-108 (my, C. A., 14. 8084. 
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^,0-Dimethylacrylyl chloride undergoes like condensation, yielding 
2,2,6,7-tetrBmethylcbromanone. 

Cinnamoyl chloride or its derivatives yields flavanones with phloro- 
glucinol^: 



Malonyl Halides. — ^The condensation of malonyl halides or their alky] 
derivatives with aromatic hydrocarbons and aluminum chloride for the 
production of indandiones has been extensively studied. The condensa- 
tion occurs more readily with alkyl malonyl halides than it does with the 
unsubstituted malonyl halides; moreover, it was found that diethyl- 
malonyl chloride is mure reactive than is the dimethyl derivative. Malonyl 
chloride or bromide condenses only with polynuclear hydrocarbons and 
such highly activated benzene derivatives as di- or polysubstitutcd 
phenols or phenol ethers. With naphthalene, 1,3-pcn-iiaphtliindBndionp 
is formed 

‘^IqC coci 

00 - > 


Ha 

Diethylmalonyl chloride has been shown to yield indandiones with 
benzene, numerous alkyl benzenes, and phenol ethers. Excellent yields 
have been obtained in the condensation with benzene; 


+ 211U1 


0 


CIOC Talli 

\ / 

C 

/ \ 

CIOC Cair* 




0 


-c, 


:>G(CaHB)a + 21101 


The reaction gives 72 g of 2,2-diethylindan-l,3-dionc from 59.1 g of 
the acid chloride and 24 g of tenzene. With benzene derivatives and 
with polynuclear hydrocarbons the condensation is complicated by the 
formation of two or more isomeric indandiones. 

Recently, the condensation of mono-alkyl malonyl chlorides with 
phenol ethers has been studied.*^^ Condensation with resorcinol ethers 


■J. ShiDuUn and B. vkarm. Hoc, No. BM. 109-U4; No. 500, 117-120 (IBM), 

Brii, Chtm. AbB>-A, IBB (imu Aid., 48, 7B1-BD1 (ifafl), C. 880: ibid.. 81, 71-88 (1831). Sn 

Chem. Ab«..A» 1168 (IBBlV I Bbinoda, M. Kawifoyo, and ft. date, ibuf., 8l/S-26 (IBSI); Brt 
Chtm, Abf.-A» 1183 (1080. 

PWMbtf and B. lUie. Ber., 55,^8880^4800 (lOW; /. Chtm. 8oe. Ab*., 122 (1). 

■T. t WaUw, A. J. Siitken, L. L. Roo, and H. Bhaiv/- Chem. Soe., 514-580 
Chem. Abi.-A, OSi (1081). R. Black, H. Bhaw, and T. K. itTalkar, /. Chem, Soc., 172-270 (IBOI). 


BHi. Chem. Aba.-A, 487 (1B61). 
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and with naphthol ethers pves umTyatallizable resinous products. With 
p-cresol and with p-tolyl methyl etlier well-defined hydrnxyindandiones 
were obtained in good yields. Thus /i-folyl methyl ether with n-propyl- 
malonyl chloride giveK a llieurelipal yield of 4-hydroxy-7-iiicthyl-2-n- 
propylindan-1 ;3-dionc : 


OCHa 

I CICO CsHt 

\ \/ 

J + c 
/ / \ 

I ciri) n 

Clla 




/ II 


+ 2I1CI 


The use of Ihe corresponding phenols results in slightly lower yields. 
The type of alkyl substituent in the malonyl chloride was found to have 
an influence on the yield. Best results were obtained with propylmalonyl 
and butylmalonyl chlorides. Malonyl chloride itself gives a 50 per cent 
yield of the corresponding hydroxyindandionc from p-tolyl methyl ether. 
Branching of the alkyl chain resulted in low yields. Isopropylmalonyl 
chloride gave only a 16 per cent yield of the indandione from p-cresol. 

Condensations effected with malonyl halides have been summarized in 
Table 21. 

Oxalyl Chloride. — Oxalyl chloride condenses with aromatic com- 
pounds to yield four types of products; 

(1) Carboxylic acids 

(2) Aryl glyoxylic acid chlorides, R.CO.COCl 

(3) Open-chain diketones, R.CO.COR 

(4) Ring dik 0 tone.s 

The course of the reaction depends upon the reactivity of the aromatic 
comjionent. The formation of carboxylic acid occurs if the catalyst 
decomposes the acid chloride before condensation can occur. Arylglyox- 
ylic acids are generally foraied with more active aromatic compounds. 
Open-chain diketones are formed by condensation of highly active 
aromatic hydrocarbons or ethers with oxalyl chloride in the pres- 
ence of aluminum chloride.^ As the aromaticity, and hence the activity 
of the aromatic component is increased, however, ring closure may be 
effected during the condensation. Thus, although biphenyl with oxalyl 
chloride and aluminum chloride gives u 75 per cent theoretical yield of 
biphenyl-4-carboxylic acid, as a result of primary decomposition of the 
acid chloride,®® 4,4^-diinethylbiphcnyl gives a 45-50 per cent yield of 
2,7'-dimpthylphenanthrenp-9,10-quinone 




j A more detuled treatment of theae reactiona is found in Chiipter 
"a Uibmuim isd M. ZnilT., Bir.. 44. Ua-m (IMD 
"C. LNlNnnani, ««r., 44, 14M-14S5 (tillV 
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The position of the activating group has been found to have a great 
effect on tlie course of the reaction. a-Naphthyl methyl ether gives the 
open-chain diketone, 


OCHi OCHt OCHi 



but /S-naphthyl methyl ether reacts with primary cleavage of the 
methoxy-, condensation through the hydroxy- group, and subsequent 
ring closure to the a-position. ^-Naphthofuran-l,2-dione is obtained in 
50 per cent yield, probably according to the scheme: 



OCHi 


AlCIi 



(roci)i^ 




Some ring closure to l-methoxyacenaphthenequinone also occurs, the 
amount obtained varying with reaction conditions. The yield of the 
naphthofurandione decreases with increasing amounts of the acenaph- 
thenequinone obtained, but the best yield of the latter which has been 
secured is 25 per cent. The ethyl ether of /9-naphthol, however, gives 
only the open diketone, together with traces of lactone or quinone.*' 
/3-Naphthol, like its methyl ether, gives a good yield of )3-naphtho- 
furBn-l,2-dionp.‘''* jS-Thionaphthol similarly gives jS-naphthothiofuran- 
1,2-dione: 


0 

II 


c— c=o 



Ring closures occur readily during condensation of N-mono-alkyl- or 
arylamines with oxalyl chloride, with production of the correspondingly 
substituted pseudoisatins*^: 

Btondiaiw B. Bahlahw, lad H. OoUrtiiii, Bdv. CMm. Aetu. 4, m-Ml (im): C. A . 
*B. BUndliisw, E. BaUaikv, and H. (kldatain, toe. tit.; M. QUm, Oon. c/i(n. ital-p ^ 

H-n (inT); c. a ., u, iiia 

*M. OilMi, 106. eH. 

on. BtolM, Hir., M, MS-Nie (ItU); Oannaii P. 111,046 (MIS) to R. Stollt, C. A., f. It**; C- ^ • 
til5b 1» 7L 
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CiHs C«Hb 


In an attempt to improve yields of quinoneSi diarylimido- chlorides 
of oxalic acid have been condensed with aromatic compounds and alumi- 
num chloride. Diphenylimido chloride reacts with naphthalene deriva- 
tives to give peri-ring closure.''^ Although naphthalene yields only traces 
of condensation products, the reaction proceeds easily with /9-naphthol 
ethers. 


Cl Cl 



CaH. . N : C — C : N . CeHa 

vSince the phenylimido- derivatives thus obtained are easily hydrolyzed, 
the procedure affords a good method for the production of acenaphthene- 
quinoncs. In this way 2-methoxyacenaphthenequinone was obtained in 
a 75-77 per cent yield, based on the amount of diphenylimido chloride 
used. Condensation with /tf-naphthol occurs through the hydroxy- group, 
the final product in this case being ^-naphthofuran-l,2-dione, obtained in 
70 per cent yield. The method showed little promise with anthracene 
derivatives, N-dialkylarylamines, or benzene derivatives. 

Ring closures effected by condensations with oxalyl chloride are listed 
in Table 21. 

Aromatic Acid Chlorides. — Certain aromatic acid chlorides have been 
reported to undergo Fricdel-Crafts reaction with formation of ring com- 
pounds. o-Phthaloyl chloride, reacting as the lactone, yields plithalidcs. 
An 80-90 per cent yield of diphcnylphthalide has been reported by con- 
densation with benzene 

Cli 



o o 


The condensation of o-phthaloyl chloride with m- and p-cresol methyl 
t'thers proceeds analogously.’^* An unusual course, however, is taken in 
Ihc condensation of p-thiocresyl methyl ether with o-phthaloyl chloride. 
The product here is 2',7'-dimethyl-l-thiofluoran, m.p. 228-230°; 

34^^' H. Goldfltdii, and E. Bohlenkar, Hdi^. Chim, Acta, 4, 842-364 (1A81); C. A., 15, 

u n Ann., M, 50 (1680). _ 
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Here replacement of both lactone halogens occurs, but there is also con- 
densation of the thiocrcsyl residues. 

Halides of aromatic keto- acids condense with aromatic hydrocarbons 
to yield phthalides. o-Benzoylbenzoyl chloride yields diphenylphthalidr* 
with benzene^": 



A 90 per cent yield of phenyl-1 -naphthylphthalidc is thus secured from 
p-l-naphthoylbenzoyl chloride and benzene. Alkylated benzenes or 
napthalenes react as does benzene in this type of reaction.*^^ 

o-Sulfobenzoic acid chloride may likewise react as lactone in Friedel- 
Crafts reaction with benzene 


lliCi 


CiUb 


o 


lOCl CtUf AlCU 
POiCl * 






Condensation of aromatic o-hydroxy- acid chlorides with benzene may 
result in replacement of halogen as well as ring closure, with splitting off 
of water. Dinitrosalicylyl chloride and benzene thus yield 2,4-di- 
nitroxanthone 

0 

II 


c 



NOa NOa 


Another condensation involving ortAo-substituents is that of o-chloro- 
selenobenzoyl chloride with benzene, with production of selenoxanthone 
in good yield."^® 


*H. Meyo-, Mcnatih., 2Sg 1177-llM (19M), PAsm, Soe. Abt,, I 

(IMM); ai, ini (lOW). 

•nt GUr. Zflr,. 49, 113-120 (lOBO); BrU Chem. Aht -A, BU (lOU) 
VTR. Urt ud M. Stem, Bcr., 91. 104^1673 (IBBS). 

«F. Ullmflnn. Ami.. 9M. 70-111 0001). 


(I), 198 (1009); ibid, 29, <7- 
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Table 21. Intennnleoular RinK Clmuree with FiTolutinn of HCl 


Annwtk) 

Component 

Halogenated 

Componmt 

Product Yiald 

Ref 


Hydroenrbon S^kmn 


Beniene 

dichloniiiiethane 

anthracene 

21 

Toluene 

dichloromethane 

three dimethyl- 
anthracenes 

24,61 

86-7,88 

Toluene 

dichloromethane 

2-methyhinthracene 

86 

Di-p-tolyl- 

methane 

dichloromethane 

dimethylanthrarenpB 

90 

Benzene 

chloroform 

anthracene 

94,95 

Toluene 

chloroform 

dimethylanthracenez 

24,86-7, 

96 

Toluene 

chloroform 

2-methylanthTacene 

86 

Benzene 

ethylidene chloride 

zytiMneziMlihydro- 

dimethylanthracene 

23 

Benzene 

acetylene dibromide 

anthracene 

26 

Benzene 

trichloroethane 

anthracene 

91 

Benzene 

a|/fn^t etrabromoeth an e 

anthracene 

26,26 

Toluene 

zym-tetrabromocthane 

dimethylanthracenes 

23-4, 

55-6,67 

Toluene 

zym-t.L‘trnbromoothane 

2-methylanthracenF 

86 

Xylenes 

zym-tetrabromoethane 

tetramethy 1 an thrn ren cb 

86 

Benzene 

perchloroethylene 

anthracene 

92 

Benzene 

pentachloroethane 

anthracene 

92 

Benzene 

hexachloroethane 

anthracene 

92 

benzene 

benzyl chloride 

anthracene 

72-3,86 

Toluene 

benzyl chloride 

dimethylanthracenes 

72,86-7 

Beniene 

benzal chloride 

diphenylanthracenedi- 

nydnde 

74 

Benzene 

or-chloroethyl beniene 

meso-dimethyldihydro- • 
anthracene 

73 

Benzene 

a,^-dibromoethyl- 

benzene 

anthracene 

78 

Benzene 

allyl chloride 

diethyldihydro- 

anthraoene 

84 

Biphenyl 

dichloromethane 

fluorene 

22 


0^0 

I 

H, 
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Table 2\^(Cfmtim/td) 

AnniBiNS H^ogiDnied 

Companent OMBpoMBt Produet Yiold Ri^f 

iMlichlorobeMene carbon tetrachloride nhenylfluoreiie derive- 24% 49 

tivea (1) and (II) 

Cl Cl 



H Cl 


(I) (II) 


Naphthalene 

diphenyldkhloro- 

methane 

9-phenyl-l ,2-bensofluo- 
reno and 9-phenyl-3, 
4-benBofluorenr 


27 

ff-Naphthol 

diphenyldichloro- 

methane 

3-hydroxy-9-phenyl-l, almost 
2^benBofluorene theoretical 

27 



H CbHs 



• 





9-Broniophen- 

anthrene 

(with itself) 

2,3,10,1 l-dibenzo- 
perylene 


28 

1-Bromonaphtha- 

lene 

(with itself) 

perylpne 

4% 

53 

Beniyl chloride 

(with itself) 

anthracene 

low 

72,93 

o-Chloroethyl- 

beniene 

(with itself) 

meso-dimethyldih> dru- 
anthracene 


73 

Xylyl ehloride 

CI) 

(with itself) 

dimethylanthraccnes 


72,80-7 

Diphenyl ether 

arsenic trichloride 

5-chlomph CD OXB rs 1 n p 

a; (0 


31 

Phenyl A-naphthyl arsenic trichloride 
etmnr 

1 

Cl 

7-rhloro-a,j8-rflpl’thfl- 

phenoxarsine 


32 

Beniene 

sulfur dichloride 

thianthrenp 


C8-9 



C£C> 

K 



Toluene 

sulfur dichloride 

ditolyenc disulfide 


68 
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Table 2\-^(CQvUiiniuBd) 


ArmnatlD HMlogowted 

Goimpaiieiit Gomponant 


FToduot Yield 


HahgenaUd AUphaHc or Aroikyl SaiunUed Acid ChUnideM 


Beiuene 

Beniene 

Toluene 

Chlorobenxcne 

Bonsenc 


triohloroacetyl chloride 



a-bromoiBobutyryl 

bromide 


fluorene-2-carboxyliG 

acid 

1- hydrindone 

mixture of 4- and 6- 
methyl-l-hydrindonee 

4- and 6-chloro-l- 
hydrindoDee 

2- methyl-l-hydrindonc 


0 



Beniene 

Chlorobeniene 

Beuzeue 


d-chlorobutyryl 

chloride 

/}-ohlorobutyiy] 

chloride 

phenyl-a,d-^ibroni(>- 
propionyl chloride 


d-methyl-l-hydrindone 


4- and 6-chloro^ 
methyl-l-hydrindonc 

l-phen^l-2-bromo>^- 

nydrindone 

/CiHi 

c 



Aef. 


66 


66 

65 


66 

8 


Aym^-xylcnol 
methyl ether 


B-bromopropionyl 

bromide 


ay?rMn-xylenol 
methyl ether 


o^bromoieobutyryl 

bromide 


Kyw-m^xylenol 
methyl ether 
s^/rwni-xylenol 
methyl ether 
UesorcuiDl 


P-Thiooreeol 
>>>«thyl ether 


o-bromobutyryl 

bromide 

a-bromoisovaleryl 

bromide 

cK-bromovaleryl 

chloride 

ohloroacetyl 

chloride 


li3|5-trimethyl- 

coumaranone 

60-70% 

64 

1 , 1 p3,5-tetnimethyl- 
coumaranone 

CHi 

iVr 


62 




l-ethyl-3, 5-dimethyl 
coumaranonc 


63 

l-isopropyl-3p5-di- 

methylcoumarauoiie 


63 

5-h3’’droxy-l-propyl 

coumaranone 


54 

5-methyl-3-hydroxy- 

thianaphthcne 

60% 

44 
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Table 


Aronuitio 

CamjMneiit 

HalogBOfttod 

CampoiMnt 

Product 

Yield 

Ref 

/8-naphthyl 
methyl sulfide 

ohloroacetyl ohloride 

4,5-benio-3-hydroxy- 

thianaphthene 

very 

low 

70,71 

^Naphthyl 
methyl sulfide 

^-liromopropionyl 

chloride 

5,d-bensothio- 

chromanone 

traces 

70,71 

Ufualuraied Altphaiic or Aralkyl Add ChlondcB 



Chlorobensene 

crotonyl chloride 

4- and 6-rhloro-3- 
iuethyl-1 -hy dnndone 


66 

fn-Dichloro- 

benzenp 

crotouyl chloride 

4,6-dichloro^-methyl- 

1-hydrindonc 


66 

p-Xylenc 

crotonyl chloride 

3,4,7-triiiiethyl-l- 
hydnndone (with the 
aryl denvutivp) 


7 

p-Creeyl methyl 
ether 

crotonyl chloride 

2,0-dimeih\ Ichi oiiiaiioue 
and 3,4-tlimrthyl-7- 
hydrox} hydriiidoiip as 
by-product 


33 

sy/ift-tn-Xylenyl 
methyl ether 

croton}'! chluride 

2,5.7-trimeth} 1- 
cliroraanone 


63 



CHa 0 

L II 










1 1 Jx:” 

CHa'x/^O^^CHa 



p-Tolylinethyl 

ether 

(K-cthylcrotouyl 

chloride 

dinietliylrthylchro- 

manonp 

low 

65 

«ym-m-Xvlenyl 
methyl ether 

/9,/9-dimethyliicryl} 1 
chloride 

2,2,5,7-tetrameih} 1- 
enr Oman one 


03 

p-Cresyl methyl 
ether 

/8,^-difnethylacr}’lyl 

chloride 

2,2,6-trimetbyl- 

chromanone 


33 

o- OP m-Xylene 

cinnamoyl chloride 

no hydriiidone 


7,8 


p-Xylene cinnamoyl chloride 4,7-diiDethyl-3-pheii>l- 7 


1-hydrindone 



CHs O 


PhluruKluomul cinnamoyl ohloride 5,7-dihydroxyflavanone 

OH 



Phlorcigluoinol p-carliethoxy cinnamoyl 5,7,4 '-trihydroxy- 38,30 

chloride davanone 
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Arodutio 

Oamponent 

I*hloroglucinol 


Benzene 

Bonzenc 


RiMizeiiP 

Toluene 


1.4-Dimethyl-2- 

ethylbenzene 


Table 21— (Continued) 


HalogeiiatHl 

Component 

o-mrthnxy rin namnyl 
chloride 


dimethy Imal ony 1 
chloride 

diethylmalonyl 

chloride 


dipropylmalonyl 

chloride 

diethylmalonyl 

chloride 


diethylmalonyl 

chloride 


Produot Yirid 

5,7-dihydroxy-2- 

mcthoxyAavanone 

Malnftyl Halides 

no indandione 


2,2-diethyliDdan-l,3-dione 
(72 g; from 59.1 g 
chloride and 24 g 
benzene — note 79) 


O 



0 


2,2-dipropyljndan-l,«3- 

dionr 

two indandiones (total 
of 58 g from 118.2 g 
chloricm and 55.2 g 
toluene) together 
with an acyclic ke- 
tone 



o 


and 


CHi 



5-ethvl-4,7-dimethyl-2, 

2^ethylindBn-l,3- 

dione 

(38.8 g from 26.R g 
hydrocarbon) 


CHi 



Rpf. 

38,39 


2 

1,70 


2 

40 


78 
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Aitmatio 

Oomponent 

p-Xylene 


fviFiXylene 

p-CyiDPne 

p^Tymene 


p-Cymene 

Naphthalene 


Table 2l^(Continued) 


HsIogoiBted 

CampoMDi 

diethylmalonyl 

chloride 


diethylmalonyl 

chloride 

dimethylmalonyl 

chloride 

diethylmalonyl 

chloride 


dipropylmaloDyl 

chloride 

malonyl chloride 
or bromide 


Produrt Yield 

4,7-diniethyl-2»2- 

diethylindan-1,3- 

dione 

CHi 



CHs 


4j 6-dimethy 1-2^11- 
ethylindan-l,3-dioDc 

ryinyldimethylindan- 

dionc 

2,2,4-trimethyl-7-uo- 

propylindan-1,3- 

dione 

(72 g from 53.6 g p- 
cymene and 78.8 g. 
chloride) 

4-methy]-2,2-dipropyl- 
7-iBopropylinaan-l , 
3-dione 

lp3-peri-Daphthindan- 

dione 

CHa 

/\ 


o=c c=o 



Ref. 

77,79 


77 

I 

2,40 


2 

13,14 


peri^Naphthindaa- malonyl bromide pyrene(upon reduction) 14 

dione 


Naphthalene 

dimethylmalonyl 

chlonde 

three iaomerir dimethyl- 
mdandiones 

2 

Naphthalene 

diethylmalonyl 

chloride 

three ieomeric diethyl- 
indandionei 

1,16 

Naphthalene 

dipropylmalonyl 

chloride 

no definite condensation 
products 

2 

Ethylnaphthalene 

diethylmalonyl 

chloride 

2,2-diethyl-a,^naphth- 

indamuone-1,3 

15 


cx^ 




0»C— C(CiHi)i 


o-Methylnaph* 

diethylmalonyl 

o-methylnaphthdiethyl- 

40 

thalene 

chloride 

indandiones, oil, b. 

260713 mm 

40 

P-Methylnaph- 

diethylmalonyl 

p-methylnaphthdiethyl- 

thalrne 

rhloride 

indandiones, oil, b. 
230-2407lJSmtn 




Anmatlo 

Aoeiuiphtlifliie 


Aconnphihene 

Accnaphthene 

Anthmccno 


Anthracene 

Anthracene 

Phenauthrene 

Plieiianthrcne 

ilotene 

Hetoue 

Biphenyl 

Fluorene 

eth^^ ®8thyl 

P-ToWl methyl 


FRlEDBIMSRAFTa SYNTBSSIS 

Table 2l~^CanUnued) 

Haloeenatid 

Ccanponant Produet Yidd 

nalonyl bromide perv'acenaphthene* 

indandione 


HiO— < 3 Hi 



0=C c=o 
\/ 


c 


Hi 


dimethylmalonyl 

two iaomeric dimethyl- 

chloride 

acenaphtheneindan- 

dionee 

dicthylmalonyl 

two isomeric diethyl- 

chloride 

acenaphtheneindan- 

diones 

malonyl chloride 

anthracene-1, 9- 
indandione 



I 



IIj 

dimethylmalonyl 

chloride 

one dimclhylanthra- 
ceneindandione 

diethylmalonyl 

chloride 

one diethylanthra- 
ceneindandione 

dimethylmalonyl 

chloride 

one dimethylphenan- 
threneindandione 

diethylmalonyl 

chloride 

one diethylphenan- 
threneindandione 

dimethylmalonyl 

chloride 

one dimethylretene- 
indandione 

diethylmalonyl 

chloride 

one diethylretcnc- 
indandione 

dipropylmalonyl 

chloride 

dipropylbiphenyl- 

mdandione 

dimethylmalonyl 

chloride 

two dimethylfluorene- 
indandiones and 
iflobutylfluorene 

malonyl chloride 

44iydro3nr-7-methyl- 60% 

indan-l,3-dione 

Qthylmalonyl chloride 

4-hydroxy-7-methyl-2- 
ethylindan-1 , 3-dione 


447 

Bef. 

67 


2 

1 

20 


2 

1 

2 

1 


2 


1 

2 

79 

75 

76 
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Aromstk 

Table 21 — (CtmUnued) 


Companant 

Oomponmt 

Produot Yidd 

Ref 

l^Tolyl methyl 
ether 

diethylmalonyl 

chloride 

4-hydroxy-7-methyl-2, 

^^ethyluidan-1,3- 

dionc 

76 

71-Tolyl methyl 
ether 

n-propylmalunyl 

chloride 

4-hydroxy-7-methyl-2- 100% 
n-propylindan-l ,S- 
dione 

75 

^Tolyl methyl 
ether 

n-butylmalonyl 

chloride 

4-hydroxy-7-methyl-2- 100% 
n-butyIindBn-1,3- 
dionp 

75 

Anisole 

dimethylmalony 1 
chloride 

no indandioiip obtained 

40 

Veratrulc 

dimethylmaloio 1 
chloride 

thiee mdandiuneh 
(isomeric and nic- 
thoxy cleavage 
products) 

40 

Veratrole 

diethylmaliin> 1 
chloride 

foul indandioncs 

(isomerir and nir- 
thox^ oJeavage 
pi odor t^) 

dl 

Hydroquinone 
dimethyl ether 

djethyliniiloin 1 
chloride 

(1 ) 4,7-dimethox> -2,2- 
diPlhylindHU-l,d-flifme 

d4 



( 111 u o 

(ID 4,7-thlivdroxy-^2- 
iliethvliiidaii-l|3-ainiiG 



Resorcinol di- 
methyl ether 

Resorcinol di- 
methyl ether 


dimethyl- or diethyl- 
malunyl chlonde 

nialonyl chloride 


(III) 4-livdmx> -7-nie- 
\ ho\ v-2,2-diPthyliii- 
dan-l,3'^it>nc 


OH 



no ittdaiidioTies obtained 34,40 

4-hydroxy-O-mcthcixy- 30% 70 

indan-lyS-dione 
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AroniBtiio 

CompOMiit 

Rc‘tjorciiiol di- 
methyl ether 


/3- N aphthyl 
mothyl ether 

/3-Nn|ihthyl 
nipthyl ether 


Table 21*— ("Continued^ 

Halogenatod 

ComiMiMt Froduol Yield 

methyl-, ethyl-, n-pro- 4-hydro^-6-methoxy-2- 
pyl-, or n-butyl- alkyl-indBJi-l,3-dione 

malonyl chloride (resmoua) 



R-inethj'l — 

-ethyl 62% 

-n-propyl 84% 

-n-butyl 62% 


malonyl chloride 4-hydroxy-peri-naphih- 31% 

iDdan-l,3-dioiie 

ethyl-, propyl-, or 4-hydroxy-2-alkyl-7M!n'> 

butylmalonyl naphthiiidaii-l,3-diniie 

chloride (resinous) 

H\ /R 
C 

/\ 

0=C C=D 

Oil 



Ref. 

76 


76 

76 


;j-Cresf)l 

nietliylmalunyl 

chloride 

jo-Crp8f»l 

butylmalonyl 

chloride 

p-Creaol 

amyl-, hwtyl-, hp.ptyl-, 
. isofiropyl-, iHobutyl- 
or iaoainylmalonyl 
chloride 


P-lolyl acetate ri-butyiualoiiyl 
chloride 


R- ethyl 60% 

-Ti-propyl 95% 
-ti-butyl 75% 

4-hydroxy-2,7-dimeihyl- 76 

iiidan-i,3-dionr 

4-hydroxy-7-mptliyl-2- 85% 76 

n-buty lindan-1 , 3- 
dione 

4-hydroxy-7-mpthyl-2- 75 

alkylindan-l,3-dioDe 



.-n-amyl 

29% 

-n-hexyl 

31% 

-n-heptyl 

50% 

-isopropyl 

16% 

-iaobutyl 

47% 

-isoamyl 

44% 


4-hvd'roxy-7-inethyl-2- 100% 76 

ri-butyliudau-1,3- 
dione 
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Aromatic 

CompoBOit 


Biplieiiyl 

AiA'-Dunethy] 

biphenyl 


Anthracene 


2-methuxy- 

naphthoJene 


2-Ethoxy-' 

napthalcnc 


2,7-Dimpthoxy- 

naphthalene 


j9-Naphthol 

^-Thionaphthol 

tt-Naphthol 

N^Mono-alkyl or 
aryl derivativeb 
of aromatic 
aminefl, a.p.p N- 
Kthvlaniline or 
N^henylaniline 


Table 21 — (Continwd) 


Ualogenated 

Compoami 


oxalyl rhlondp 
oxal^l chloride 


oxalyl chloride 


oxalyl chloride 


oxalyl chloride 


oxa]> 1 chloride 


oxalyl chloride 


oxalyl chloride 
oxalyl chloride 
oxalyl chloride 


Produot Yield Hef 

Oxalyl ChUmde 

no ring cloaurc 17, HO 

7 ),p'-diinpthylphpnan- 46-60% 17 

threnequinone 



0=C-C=0 


aueanthraquinone 
0=C — CMJ 



^-naphthafuriin-l ,2- 
dione 

(50% yield — note 35) 



and l-mefhoxyuce- 
naphthenequiiione 
(trates to 25% yielde 
— note 35) 

1 , 1 '-dipthoxy-4,4'-bi- 
naphthoyl (69%) and 
traces of l-ethox> at e- 
luiphthenequinoiir 
(note 36) or traces of 
lactone (note 36) 
7-nirthoxy-^-naphtho- 45% 
furan-l,2-dione 
and small amount of 
2,7-dimethoxyace- 
naphthenequinone 
/3-naphtbafuran-l,2- good 

dione 

/9-naphtliathiofuran-] , 

2- dione 

U,7-lH;nEorouinaraii-2, Binall 

3- djone 

N-alkyl or aryl aub- 
Btituted paeudoi- 
satina; e. N-ethyl- 
pseudouHitin 


18,10 


35,41, 

37 


36, 3() 


35 


36,42 

42 

37 

46,47 




o 

also: 



• 

diphenylnnthrone 
phenyloxanthranol 
o-benzoylbenzoic acid 
tetraphenvliDPthane 
o-(‘arboxylir acid 

58,61 

Tuluene 

Q-phthnloyl chloride 

ditolylphihalidc thporptinil 

6 

P-Thiocresyl 
methyl ether 

o-phthalny] chloride 

2',7'-dimpthyl-l-thio- 

fluoran 

45 

Methyl ether of 
p-broniothio- 
phenol 

o-phthaloyl chloride 

2',7'-dibroino-l -th io- 
fluoran 

43 

Benzene 

o-1ienzo}dbenEoyl 

chloride 

diphenylphthalide 

50 

2-Mothyl 

Q&phthalene 

o-beniojrlbenzoyl 

chloride 

phenyl-2-incthyl-l- 

naphthylphthalide 

62 

1-Methyl- 

■mphthalene 

D-benaojrlhenzoyl 

chloride 

phenyl-4-methy 1- 1- 
naphthylphthalide 

52 



ANHYDROVR ALUMINUM CFfLORIDE 


m 


Aromtiio 

Oomponent 

m^-Cneyl mpthyl 
ether 


m-Methoxy 
beiuoir Acid 


Table 21 — (Continued) 

H«logeiuit«d 

Camponcot Produot Yield 


e-phthaloyl rhinririp 


m-KSFesolphthalpind]- 
mpthvl pthpr 

C[CiHi(CHi)(OCHi)]i 



II 


0 


o-pbthaloy] rhidrulp 4'-in€thoxybenEr|)]ir- 40 
none-2,2^-diparl»oxy 1 ir 
and dilactone 


O C=0 



Ref 

fts 


83 


o 


p-Cresyl ineth> 1 
ether 

o-phthaloyl chlonde 

p-rreeolpht h hIpih 
dimethyl ether 

005? 

4'j 

7 )-bromoniethnx\ - 
bensenp 

o-phthalnyl rhloride 

p-bromophenol- 
phthalein dimethyl 
ether 

60% 

4*1 

Benaene 

o-l-naphth oylbonzoyl 
rhloride 

phen\ 1-1 -naph thy 1- 
phthalide 

00% 

52 

Toluenp 

Q-1-naphthoylbenzovl 

chloride 

p-tul> 1-1 -naphtln 1- 
phthalide 


52 

m-Xylenp 

0-1 -naph thoylbenzo^ 1 
rhliiridp 

in-xyhl-l-na])hth>l- 

phtnalide 

fiO-66% 

52 

Benzene 

3, l-dini tro-6-hydroxy- 
beneo>lchloridp 

2,4-di nitroxan th one 


0 


Dpnzpne 


Bemenp 



NOi 


o-siilfobencoic acid 
rhlrindr (as iactiine) 



NOa 


o-chloroBelenobpn£n\ 1 
chlonde 





^ (Cilia) I 
90a^ 


BplennxanthoDp 
(7 5 k from 10 k 
ohlonde) 

c/j) 

5r 


10,11 


12 



FRIBDEL-CRAFTS SYNTHESIS 


453 


Table 31 — (Continued) 


/jfl/trsneaf 


1 . M. Fiwmd NMi K. FlBuchw, Ann.. 3T3, S81-tt6 (1310); /. Chewi. Boc. A6j.. N (I), 400 (1010). 

2. M. FMund and K. Fleuoher, Ann., 3P0| 102-341 (1010); C. A., 7, 8707. 

3. A. Babal uid V. Ajm, Compt, rend,, 110. lOi-107 (lOM); /. Chem, Soe, Abe., 90 (I), 400 (lOOO). 

4. A. BMyor, Ann., 002. OO (lOOo), 

5. H. Limprkbt. Ann., 299, 006-200 (1808). 
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8087. 

D. F. Ullmaon. Ann., 366, 70-118 (1000). 

10. R. Liat and M, Btein, Ber., 31, 1648-1078 (1800). 

11 . P. U. Cobb. Am. Chem. J.. 35, 486-508 (1000). 
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15. K. Fleircher and E. ReUe. Ber., 56, 228-884 (1028). 

18. M. Freund and R. Fleieclier. Ann., 402, 61-70 (1013). 

17. C. Ltobmnann, Bor.. 44, 1468-1456 (1011). 

18 C JjiHbennann and M. ZbuITb. btr., 44, 802-310 (1011). 

19. C. Liebonnann and cD-warkers, Ber., 45, 1186-1215 (1012). 

20 M. Kardoa, Ber., 46, 2086-2001 (1013): Gennan P. 275,240 to M. Kardoe. C. Z.. 1914, II, 278. 

21. C. Fnedel and J. M. Crafta, Ann. chim. phyt. (6), 11, 263-277 (1887); J. Chem. Boc. Abe., 

52, 1102 (1887). 

22. F. Adam, Compt. rend., 103, 207-808 (1886); /. Chem. Soc. Abe., 50, 1088 (1880). 

23. R. Aiuchtits and £. Rcimig, Ber., 18, 063-866 (1886). R. AnaohUti, Ann., 235, 802-807 (1880) 

24. J. Lavaux, Compt. rend., 146, 846-847 (1008); 139, 076-078 (1004). 

25. R. Ansohuii and F. Eltibaoher, Ber., 16, 1486-1486 (1883); 16, 028-024 (1883). 

26. R. AnachUti. Ann., 235, 160-220 (1886). 

27. E. Clar, Ber., 63, 612-617 (1080)-, C. A., 24, 8007. 

28. E. Clar, Ber., 65, 846-868 (1088)-. C. A., 26, 4046. 

29. M. Delacre, BuU. toe. chim. (a), 27, 876 (1002). 

30. H. Stuudinger, H. Goldetein, and E. Sehlenkv, Helu. Chim. Acta, 4, 342-804 (1021); C. A., 15, 

3446. 

ai. W'. Lewie, C. D. Lowry, and F. H. Bergeim, /. Am. Chem. Boc., 43, 801-606 (1081). 

32. .1. A. Aeschlimann, J. Chem. Soc., 127, 811-815 (1025). 

33. K. V. Auwere and E. Liimmerhirt, Ann., 421, 1-68 (1920); C. A., 14, 8083. 

34. M. Freund and K. Fleiaoher. Ann., 40^ 808-290 (1015). 

35. H. Btaudmger, K. Sohlenker, and H. Goldstein, Bdv. Chim. Acta, 4, 834-342 (1021); C. A., 15, 

3446. 


30 . 

37 . 

38 . 


40 . 

41 . 

42 . 
48 . 

44 . 

45 . 
40 . 
47 

48 . 

49 . 


61 . 

52. 

53 . 

54 . 

55. 
60 . 
57 . 
59 . 
59 . 
00 . 
01 . 
62 . 
63 . 

04 . 

05 . 


M. Giua, Gazz. cAim. ital., 47, I. 51-57 (1017); C. A.. 12, 1169. 

M. Guia, Gazz. chim. itol.. 54, 509-610 (1024); J. Chem. Soc. A!i«., 126 (I), 1002 (1924). 

■1. Bliuitida and S. I^lo. /. phann Sor. Japan, 48, No. 568, 100-114; No. 500, 117-180 (1028); 
Bra. Chem. Abi.-A, 189 (1929); ibid., 48, 701-801 (1028), C. A., 23, 886 (1020); ibid., 51, 
71-82 (1081), Brxi. Chem. Abii.-A, 1102 (1981). 

J. SliiniMla, M. Kawagoye, und D. Sato, ibid., 51, 28-35 (1981); Brit. Chem. Abe.- A, 1102 
(1931). 

K. Fleinohcr. Ann., 422, 281-264 (1021). 

R. Stollfi and E. Knebel, Ber., 54, 1218-1220 (1021). 

Swim P, 02,688, 08.486, and 08,480 to U. Slnudingn ; C Z., 1923, 11, 578. 

W. Knapp, Monatnh., 56, 106-112 (1030); C. A., 24, 5084. 

K. V. Auwers and F. Arnilt, Btr.. 42, 587-545 (1000); J. Chem. Soc. Aba.. 96 (1), 175 (1000). 
R. Wbibb and W. Knapp, MtmatHh., 50, 892-308 (1028). 

R. StollO, Bsr., 4C, 8016-8910 (1013). 

German P. 281,046 (1018) to R. Htoll5; C. A., 9, 1000; C. Z., 1915, 1, 71. 

German P. 282, 4O0 UD16) to Furbenfulirik Minn. F. Bayer & Cu. ; J. Chvm. Soc. Aba., 109 (I), 
888 (1015). 

B. D. WUeon and Hoiao-Yiin Huang, J. Chiveee Chem. Soe., 4, 142-148 (1086); C. Z., 103C, 
II. 8788. 

H. Meyer, Afona4ah., 25, 1177-1195 (1904); /. Chem. Soc. Aba., 88 (I), 138 (1006); ibid., 25, 
, 475 (1904); ibid.. 28, 1211 (1907). 

•J. Lavau^ Compf. rend., 140, 44-46 (1005); /. Chem. Soo. Abe., 88 (I), 125 (1006). 

L. Clar, Ber., 63, 113-120 (1980); Bnt. Chem. Aba.,-A, 884 (1080). 

R. WeitsenbDok and C. Seer, Ber.. 4^ 1004-2000 (1018); C. A., 7, 2047. 

B. K^^thong and A. Robertaon, J.Chcm. Soc., 080-088 (1080): C. A., 33, 0880. 
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J Layaux, Compt. rend., I4i, 204-206 (1006); J. Chem. Soe. Abe., 88 (I). 0«» HpW)- _ 

C. Fnedel and J. M. Cmfta, Compt. rend., 84, 1452 (ISH); Ann. chim. phya. (4), 1, 623 (1884). 

”■ end A. Guyot, Bidi. aac. chim. (3), 17, 878 (IBW). 
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P- Wolff, Ber., 53, 1847-1852; /. Chem. Soc. Aht.., 118 (1). W3 

(1920). 
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^iies and W. Vogt. Ann., 381, 312-887 (1011). 
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73. J. Lavaus and M. I.,ombanl, Butt toe elm. (4), 7, HV-HS (UlO) ; C. d , 4, 3448. 

73. J. BohnmiD. Brr., X, ITM-ITM (1813); /. CAon. Soc dbi., M (I), HI (lau) 

74. a B. Laniwner. dm CAem. 1 , 13, IH-UI (IHl); J. Chrm. Boe. Abu., B (I), 711 (1H3) 
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M. Freund ud K. Fleiaeher. Ann., 414, l^U (1818). 
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R. WeiM ud W, Knapp, Mmatth.. SO, 10-15 <1828); (?. d , 22, 8051. 

C. D. NeniiHMU ud D A. IiaeniGU, Bar., H, 1100-1108 (1888). 
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J. Lnvaui. Ann. thm, p/iyi, (8), 20, 488-518 (1810) 

J. Uvaux. Comvt. rend . 140, 185-187; C. A., 2, 1272 (1808). 

J. Lnvnux, Compt. rend., 141, 854 (1805). 

R. AnaohuU, Ann., 238, 288-841 (1880). 

J. Lnvain. Cmnpt. rend., 1S2, 1400-1402 (1811); C. A„ 5, 8228. 

A. Gardeur, BuU. acad. roy. Betg (3), 34, 830-838; C. Z., 1886, I, 488. 

A. Mounavrat, Bull, uoc chtm (8), 18, 557-558 (1808), /. Chem Soc Abi., 76 (I). 480 (1890) 
W. H Perkin, W. R. Hodekinson, / Chem Soe., 37. 721-727 (1880). 

A KoUiker, Ann., 228, 254-250 (1885). 

C. Friedd ud J M. Crafte, Ann. ehim. phyt (6), 1, 448-552 (1884). 

K. Elba ud 0. Wittioh. Ber., 18, 847-848 (1885). 



Chapter 8 

Addition Reactions. Part I 

Aluminum chloride is an active agent in promoting the addition of 
aromatic compounds to olcfinic double bonds. The study of such reac- 
tions comprises the bulk of this chapter. 

The alkylation of aromatic compounds by straight-chain or cyolo- 
olelin hydrocarbons in the presence oif aluminum chloride is an important 
industrial reaction and has been applied quite extensively. Such reac- 
tions are not limited to hydrocarbons, however; analogous reactions are 
found in which aromatic compounds add to acids, esters, ketones, and 
acid chlorides having an olcfinic bond. 

An interesting ])henoincnon is shown in the reversibility of reactions 
involving the addition of an aiy'l group to compounds having conjugated 
double bonds. 

Arylcycloolcfins may isomerize in the presence of aluminum chloride 
to give higher ring structure-s. This type of intramolecular addition has 
been particularly important in the synthesis of polynuclear hydrocarbons 
for use in the study of carcinogenic compounds. 

Other addition reactions covered in this chapter include a study of 
the products obtained on reacting arylglycolic acids or arylglyoxals with 
aromatic compounds, aud the opening of lactone and phthalide rings upon 
addition with aromatic hydrocarbons. The reactions of acetylene in the 
presence of aluminum chloride arc also noted. 

Although the reaction between aromatic and paraffinic hydrocarbons 
IB not a true addition reaction because of apparent scission of the paraffin 
chain, the character of the products indicates that alkylation is the main 
reaction. Similarly, cycloparaffins readily open up to form alkylating 
ugents. 

A group of miscellaneous reactions concludes this chapter. These 
include the addition reactions of alkylcnc oxides, additions to a cyanogen 
group, either as cyanogen itself or as a nitrile, reactions of benzoyl 
peroxide, and finally the products obtained by adding carbon dioxide or 
S'Ulfur dioxide to aromatic compounds in the presence of aluminum 
chloride. 

The addition of di- or polycarboxylic acid anhydrides to aromatic 
nr heterocyclic compounds, resulting in the production of keto- acids, has 
wen so extensively studied that it has been deemed advisable to devote 

separate chapter to this reaction.* 

*8eB Chapter 9. 
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Addition of Abomatic Hyubocabbons ob their Debivativbs 
TO Compounds with Double Bonds 

Reaction of olefins with aromatic hydrocarbons occurs with addition 
of the hydrocarbon at the olcfinic double bond. With ethylene it pro- 
ceeds according to the scheme: 

CHi : CH. + C.H. CH, . CH. . CiII, 

The addition seems to be general for aliphatic hydrorarbons. Benzcno 
homologs, polynuclear hydrocarbons, phenols, and phenol ethers add evni 
more readily. The reaction has been extended to addition of aliphatic 
or alicyclic compounds at the olchnic linkage * 

Aromatic hydrocarbons add to the double bond of unsaturated acids 
or esters, 


C.H.CH : CHCOOH (r.H.).CHCH.roOlI 

and to uiisaturated ketones, 


CHi riia 

CH.ro CH : r PH, rn.ro . ph. . . cir. 

diell. 

Intramolecular ring closures may be effected through addition at double 
bonds, 

n. Hi Hi Hi 

I 

c c 

/ ''CH 



In ketone synthesis with unsaturated acid chlorides, not only conden- 
sation with cleavage of hydrogen chloride occurs, but also addition of 
the aromatic hydrocarbons at the double bond, or ring closure tlirmi(>li 
addition at the double bond.t 

The mechanism of the addition of aromatic hydrocarbons to com- 
pounds with olefinic double bonds has been assumed by various investi- 
gators to proceed through intermediate addition of hydrogen chloride 
(formed by the action of water on aluminum chloride) at the double 
bond, and subsequent condensation of the halogenated saturated product 
with the aromatic component. Balsohn ^ points out that in the reaction 
of ethylene with benzene, evolution of hydrogen chloride is noted only 
for a short time. He assumed that the initially freed hydrogen chloride 
was due to the action of moisture on aluminum chloride. This harnm- 

* Bee aeotion on Friedel-Crafts reectioB in aliphatic chemiaby, Chapter 17. 
tSee paxes 212, 2ti and 2tt. 
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nizes with the tlieory which has been advanced by Orosse and Ipatieff/^ 
They state that the followinic cycle of reactions probably occurs during 
reaction ; 

+ HCl " ' ^ 

C.Bm + CHiCHdCl ► C.H. .CH. . CH . Ctt, 4 HCl 

CHaiCH. + HCl > CHaCHiCl 

According to this scheme, evolution of hydrogen chloride would be noted 
only upon contact of the catalyst with moisture; since the gas evolved as 
a consequence of subsequent Friedel-Crafts condensation would be con- 
sumed by addition to the ethylene present, its evolution would not be 
apparent during the course of the reaction. Grosse and Ipatieff found 
that reaction is initiated by addition of hydrogen chloride to the reaction 
mixture; when much hydrogen chloride was used, ethyl chloride was 
detected in the product. The advantageous use of hydrogen chloride for 
initiating reaction between an unsaburated compound and benzene is 
often cited in the literature,^ and has been borne out in the author’s 
laboratory. 

Ipatieff and his co-workers later ^ suggest that reaction may occur 
through formation of the yet unknown hydrogen aluminum tetrachloride 
from hydrogen chloride and the catalyst and subsequent reaction with 
olefins to yield alkyltetrachloroaluminates, which are the active agents 
in Friedel-Crafts alkylations with olefins; 

Aid. + Hd > HAld. 

RCH.CH. + HAICI 4 > RCH . CH. 

61AIC1. 

Since isomerization of alkyl tctrachloroaluininates is said to occur slowly, 
if at all, reaction with benzene proceeds without branching.^ 

According to Nenitzescu,^ the accelerating effect of hydrogen chloride 
on alkylations effected with aluminum chloride is possibly due to the fact 
that the solubility of aluminum chloride is thereby increased. Olefins 
have an extraordinarily great affinity for aluminum chloride forming a 
complex with it probably according to the scheme: 


H U 


R R 


11 : C:: V, : 11 11 : C : C : U 

Cl : A1 : Cl 


Cl 


>M. Bduhn, BuU. toe. oMm. (2), 31. 611-642 (Wl); J. CKcm. Soe. Aba., 786 (1B»). 

W Chm.. I, 662-666 (1637); Bnt. Chan. Abj..A. U, 



'iipnt wi^ imiaitmted aeids. 

C, D. NuHimou, Angvw, Cktrn,, 82, 981 (1B8B). C. D. NniUerou, PenmiBl DommuniMitioiL 



458 


ANHYDB0V8 AWMINVM CHLORIDE 


The resulting complex contains a carbon atom which has only six electrons 
and is therefore unstable. When no addendum is present, polymerization 
occurs.'^ When a reactant component is present, addition occurs. Such a 
theory has also been advanced to explain the catalytic activity of boron 
fluoride in alkylations.^ It is suggested that the common factor in the 
so-called Friedel-Crafts type catalysts is the electron-defleient nature of 
the catalyst, and that such catalysts may associate with the electrons of 
the carbon-carbon double bond to give an active intermediate common to 
each reaction. 

On the other hand, other investigators assume that Friedel-Crafts 
alkylation occurs primarily through addition of the aromatic component 
at the olefinic double bond. As early as 1B85, Essner and Gossin* sug- 
gested that the hydrogen cliloride evolved m the reaction of amyl chlo- 
ride with benzene was due to dehydrohalogcnation of the alkyl halide bv 
the catalyst, and that alkylation occurred through addition of benzene 
to the resulting olefin. In studying the mechanism of the addition of 
aromatic hydrocarbons to unsaturated carboxylic acids, Eijkman noted 
that the hydrohalogcnated products of several unsaturated acids did not 
condense with benzene in presence of aluminum chloride, thus: 

(CH.)iCH . CHBrCOOH c»»‘ + no reaction 

(CH,),C ; CHCOOH £;!il+_il£LV (CH.).CII . CH(C.II.)CO()H 


Therefore, according to Eijkman, the assumption that the addition of 
aromatic hydrocarbons to unsaturated acids in the presence of aluminum 
chloride depends upon a primary formation of hydrogen chloride addi- 
tion products, is not a sufficient explanation of the reaction. Boeseken 
has also pointed out that the majority of catalysts possess residual 
valences, and that they may be described as "open” systems, whereas 
the majority of organic substances, even unsaturated compounds, are 
"closed.” When the two are brought together into contact, the closed 
system is partly opened, yielding an activated molecule. From a long 
series of studies of Friedel-Crafts reactions effected with aromatic hydro- 
carbons and various aliphatic, arylalkyl, and inorganic chlorides in pres- 
ence of aluminum chloride, Boeseken concluded that the Friedel-Crafts 
reaction proceeds by a dissociating action of the catalyst on the chloride, 
the catalyst acting only by decomposing the chloride into an active con- 
stituent. He concluded that, in order to secure condensation, an unsatu- 
rated compound and one which ran be so activated that it can combine 


’ ef. F. O. Wbilmon, fml. Eng. Chtm , », M-»9 (im). C. D. NeniUoru .nil O. N. lonwcu. 
Atm., 4^ IK (ini). _ . , » 
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Ciiinmiki. / Am. Cham. Sac., K, MH-U02 (IIW). ^ ..v n SI? 
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F. EijIaiiaD, Cham. VeehMuL S, W-aH, C. Z . IME, n. IIM . 
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with the unsaturateil compound must be brought together in the presence 
of a catalyzer, the reaction being made jiossible by a loss of free energy. 
On the basis of his assumptions, the necessity for the varying proportions 
of aluminum chloride required for different types of Friedel-Crafts reac- 
tions may be explained by the varying ease with which the halogenated 
constituent is decomposed. Ketone synthesis with acid halides thus 
requires the use of at least one mole of AICIr, whereas alkylation with 
the more easily dissociated alkyl halides or with olefins requires only 
catalytic amounts. 


Reaction of Olefinic Hydrocarbons with Aromatic Hydrocarbons 


In 1879, Balsohn reported that upon passing a mixture of dry 
ctliylene and hydrogen chloride gas into a mixture of benzene and alumi- 
num chloride, the ethylene is absorbed, and a liquid is obtained which has 
the properties of ethylbenzene. If ethylene alone is passed into the 
same mixture, hydrogen chloride evolution is noted only for a short time, 
absorption of ethylene continuing long after hydrogen chloride evolution 
Lad ceased. The product consisted of a mi^ure of mono- and poly- 
ethylated benzenes. 

A few years later Istrati^^ noted that various nuclearly ethylated 
chlorobenzenes are formed by passing ethylene into a mixture of alu- 
minum chloride and chlorobenzene. 

The reaction was applied by Oattermann and his co-workers to the 
formation of 1,3,5-triethylbenzene from benzene and ethylene, 1,3,5- 
methyldiethylbenzenc from toluene and ethylene, and 1,3,5-dimethylethyl- 
benzene from ethylene and xylene. 

Schleicher and Buttgenbach have secured 66 g of triethylbenzene 
by passing ethylene for fourteen hours into a mixture of 50 g of benzene 
and 60 g of aluminum chloride. When passage of ethylene was stopped 
after ten hours, 42 g of hexaethylbenzenc was secured. 

Optimum conditions for the ethylation of aromatic hydrocarbons in 
the presence of aluminum chloride have been studied. High/^speed stir- 
I’mg is effective in inducing complete reaction of ethylene with benzene 
at 70-90°. Berry and Reid have made a comprehensive study of the 
reaction. For the ethylation of benzene, 1 mole of aluminum -chloride to 
about 13 moles of benzene was found to be the best ratio. Results 
obtained by using 0.20-5.74 moles of ethylene per mole of benzene show 
that the yield of ethylbenzene increases regularly to about 30 per cent 
when about 1.1 moles of ethylene have been passed in, that the yield of 
di- and triethylbenzenes never goes much above 20 per cent, that penta- 
cthylbenzene is present almost from the first in a remarkably low and 
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nearly constant concentration to the end, and that hexaethylbenzene 
appears early and always exceeds the concentration of tetra- or penta- 
ethylbenzenes. As the amount of ethylene passed in increases, there seems 
to be preferential formation of triethylbenzene; when somewhat over 
3 moles of ethylene have reacted, it constitutes over 60 per cent of the 
mixture. With 5.74 moles of ethylene, 00.6 per cent of the product is 
hexaethylbenzene. Toluene was found to be more readily ethylated than 
benzene, and bromobenzene less so. In alkylation with propylene, it was 
found that this olefin is taken up by benzene under the same conditions 
as ethylene, but only about 4 per cent as rapidly; toluene is more readily 
propylated than benzene, the chief product seeming to be p-cymene. 

Cline and Reid have worked out a process in which practically all 
benzene used in ethylation of benzene is converted into monoethylben- 
zene. Higher ethylated benzenes are de-ethylated by returning them to 
the reaction mixture, a transfer of ethyl groups occurring 

Separation of the diethylbenzenes obtained upon reaction of ethylene 
with benzene and aluminum chloride reveals that the m-isomer is the 
major constituent.^® Separation of the isomenc m-, p-, and o-diethylben- 
zenes was effected by partial sulfonation and fractional crystallization of 
the barium salt of the diethylbenzene sulfonir acids Advantage was taken 
of the fact that the im&ta- isomer is more easily sulfonated than the other 
two isomers. The isolation of sym-triethylbcnzene from the proper frac- 
tion of the ethylation mixture has recently been effected by a similar 
procedure. 

According to Natelson,*® ethylbenzene is best prepared by first satu- 
rating the benzene- aluminum chloride suspension with hydrogen chloride, 
then introducing ethylene with good stirring at 1 atmosphere of pressure 
and at below 75®. Grosse and Ipatieff®® have investigated the use of 
various catalysts for ethylation of benzene in presence of hydrogen chlo- 
ride. The following moles of ethylene were found to react at the stated 
temperature in an autoclave in presence of the indicated catalyst: 



In order to prepare fairly high yields of hexaethylbenzene, Koch and 
Steinbrink carried out the reaction under pressure. Benzene and alu- 
minum chloride in the molecular proportion of 1.6:1 were placed in a 


»B. L. ame ud E E Rei^ J Am Soc , «, 3150-1101 (1927) 
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bomb of such size that the reaetants filled one-fourth to one-third of the 
free space. Ethylene was forced into a pressure of 86 atmospheres, and 
the reaction brought the temperature to about 85®. The flow of ethylene 
was continued until no drop in pressure occurred. The yield of hexa- 
ethylbenzcne obtained was from 56-59 per cent of theoretical. Accord- 
ing to Stanley^” hexaethylbenzene is secured in good yield from the 
products of the action of ethylene under 50 atmospheres’ pressure on ben- 
zene in presence of aluminum chloride at room temperature. 

In the reaction of higher olefins with benzene and aluminum chloride, 
cleavage of the olefins may precede alkylation. Thus benzene and diiso- 
butene yield ferf-butylbenzene and di-tert-butylbenzene. Similar results 
are secured with n-butene dimer.^® 

Alkylation by olefins is not generally accompanied by isomerization. 
Thus isopropylcthylcne reacts with benzene to yield 2-methyl-3-phenyl- 
butane and not f creamy ll)enzcne 

Clla (;il 

: ru. t CMl. CM. . ^ . CH . CH. 

('racked gasolines or kerosenes may be used to supply olcfinic con- 
stituents for production of alkylated benzenes. The influence of the con- 
centration of olefins, the amount of catalyst, the reaction temperature, 
and the method of addition of catalyst have been studied by Tilicheev 
and Kuruindin.^^ Optimum conditions were found to comprise the use of 
about 0.1 mole of aluminum chloride to 1 mole of olefin at 25-30® with 
9-10 moles of benzene. The catalyst was added to the benzene in one 
portion and the olefinic fraction was gradually added to the resulting 
suspension. Aluminum chloride was compared to aluminum bromide els 
catalyst for the reaction. With aluminum chloride, an ‘‘incubation period” 
was observed, whereas aluminum bromide caused immediate reaction; 
this may be traced to the greater solubility of the bromide in benzene. 
The tar-like layer formed during the reaction from aluminum chloride 
and the hydrocarbons loses none of its activity during the course of reac- 
tion; it may be used as catalyst for a new condensation. The reaction 
w’as postulated as proceeding through the series of reactions: 

R.CHiCHiH HX > R.CHX.Ca 

RCHX . Ca, H- C Jh ^ R . CH((3.H5) . CH. + IIX 

Ihe average yield of benzene homologs amounted to 60 per cent; in some 
cases 76 per cent yields were secured. In order to investigate the beha- 
vior of branched-chain olefins, diamylcne was prepared and condensed 
with benzene. Here the main product consisted of a mixture of benzene 
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bomologa with abort chaina. Obviously cleavage of the olefin had 
occurred. From the cracked benaine fractions the following alkyl ben- 
zenes were secured; amyl-, ferf-amyl-, hexyl-, heptyl-, octyl-, nonyl- 
decyl-, undecyl-, and cetylbenzene. The solubility of the alkyl benzenes 
in 96 per cent sulfuric acid was found to decrease with increasing molec- 
ular weight; since the higher hOmologs were much more difficult to sul- 
fonate than the lower ones, isolation could not be effected through their 
sulfonates. The following results arc reported; 


b.p. CO 
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D 

N 
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62 
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44 
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Eithylene may be separated from gases containing higher olefins by 
preferential reaction of the higher olefins with a benzene compound. In 
the presence of 0.001-0.03 mole of aluminum chloride per mole of benzene 
at not more than 50° in a closed vessel at 10-50 Ib/sq in, the higher ole- 
fins, e.g,, propenc, butenes, and pentenes, arc removed from the gas mix- 
ture as liquid alkylbenzenes.” 

When benzene containing sulfur impurities is treated with an olefin 
and aluminum chloride, alkylbenzcnes are secured which are free from 
sulfur.** 

The use of olefins as alkylating agents has been of commercial inter- 
est. Arylalkyl hydrocarbons secured by treatment of benzene with ole- 
fins in presence of aluminum chloride have been claimed as additives o 
motor fuels,” and as materials for preparation of synthetic detergent" 
and wetting agents.'* The manufacture of compounds useful in prciianiiR 
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artificial mxiaks has been described. It is claimed that tert-hniyVm- 
xylene is produced in almost theoretical amounts by passing isobutene 
llirougli a mixture of m-xylene to which some isobutyl chloride or hydro- 
gen chloride has been added.’’*'* Methyldiethylethylcnc with w-xylene in 
the presence of aluminum chloride readily yields 5-a,a-diethylpropyl- 
m-xylene (b.p. 257-259°/745 mm), which is useful in the formulation of 
perfumes.®^ Butylation of ??? -xylene, with production of sym-butyixylene 
may be effected by treatment with diisobutylene in the presence of alu- 
minum chloride. Analogous reaction with toluene instead of m-xylene 
yields m- and p-butyltoluenes. The use of hydrogen chloride is advan- 
tageous in both reactions.®® 

Products useful as organic solvents and as dielectric agents are secured 
by reacting benzene, or a halobenzene containing not more than 3 halo- 
gen atoms, successively with ethylene and propylene in the presence of 
aluminum chloride. In most instances the products are liquid mixt,ures 
of Lsomcric cthyldiisopropylbcnzcnes.'*** Materials useful as dielectric 
agents, insecticides, and fumigants are secured by similarly alkylating 
aromatic hydrocarbons of the benzene series, having not more than 
4 chlorine atoms attached to the benzene nucleus, with a complex mix- 
ture of gaseous olefins obtainable by cracking a petroleum fraction.®*^ 

The alkylation of naphthalene and also of other polynuclear hydro- 
carbons by reaction with olefins in the presence of aluminum chloride is 
well covered in the patent literature. However, according to Fischer and 
Rrhncider ®® naphthalene does not react with ethylene at 100-200® in 
presence of aluminum chloride. Reaction of polynuclear hydrocarbons 
with ethylene is more difficult than it is with higher olefins. Addition 
witli ethylene may be effected at temperatures over 100® and under pres- 
sure. Under milder conditions, higher olefins are easily absorbed from a 
mixture of ethylene and higher olefins, whereas ethylene is not converted. 
The process can thus be applied to separation of ethylene from other 
olefins. Patents on reactions of olefins with polynuclear hydrocarbons in 
tlie presence of aluminum chloride arc summarized in Table 22. 

In their study of ethylation of hydrocarbons with olefins, Berry and 
Reid and Milligan and Reid prepared propyl- and ethylnapbthalenes 
by reacting naphthalene with the correspondingly alkylated benzenes in 
the presence of aluminum chloride. A transfer of alkyl groups was 
effected. 


CycloSlefins and Aromatic Hydrocarbons 

The addition of benzene to cyclohexene takes place vigorously in 
presence of aluminum chloride with formation of cyclohexylbenzene and 
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Table 23 


Hydrooirbfm 

OltflB 

Conditiiinfl 

Froduot 

Bsf. 

Tetralin 

ethylene 

5&-100* at 

20-30 atm 

ethylated tetralin 

7 

Naphthalene or 
TetraJin 

ethylene 

100-200* at 

20 atm 

ethylated naphtha- 
lenes 

6 

Tetralin or 
Naphthalpne 

olefine 

100-200^ 

alkyl naphthalene or 
tetralm 

1 

Naphthalene or 
deriv. 

propylene or 
hi^er 
homologB 

below 100 anil 
not much 
above atm 
pressure 

alkyl naphthalenes 

4,17 

N^hthalene or 
Tetralin 

olefinir aaflea 

50-200“ 

alkyl naphthalenes 

5 

Nwhthalene or 
Tetralin 

ethylene or 
pthylene- 
contg. gases 

100-200’; 

preawire 

oily products 

8 

Naphthalene 

propylene 


tetraiaopropyl naph- 
thalene 

0 

Naphthalene or 
Tetralin 

jjropylene or 
highpr olpfins 


alkylated naphtha- 
lenes or tetralms 

10 

Naphthalene 

highrr olefins 

elevated tern]) 

fluorescent substanres 

12 14-n 

Naphthalene 

polymeric 

olefina 


material for deter- 
gents 

18 

A renaphthene 

propylene 


material for wetting 
agents 

3 

5-Bromoace- 

naphthene 

propylene 


material for wetting 
agents 

3 

Acenaphthene 

propylene 

100-150* at 

10-20 atm 

lubes and resins 

2 

Anthracene 

propylene 

100-150” at 

10-20 atm 

lubes and resins 

2 

Anthracene 

propylene 

•• 

material for wetting 
agents 

3 

Anthracene 

S-hexene 



2 ; 2 -di (T-ethylbutyl )- 
anthracene 

21 

Anthracene 

higher olefina 

Lie vat cd temp. 

fluorescent sub- 
stances 

12, 14, If) 

Polynuclear 

hydrocarbona 

higher olefina 

70-250*: AlCh 
+Naul or 
CiiCl. 

fluorescent sub- 
stances 

19 

Anthracene 

petroleum 

distillates 

. ... 

flu orescent sub- 
stances 

20 

Phenanthrene 

propylene 

100-150“ at 

10-20 atm 

resins and lubes 

2 

Phenanthrene 

propylene 


material for wetting 
agents 

3 

Phenanthrene 

higher olefins 

elevated temp. 

fluorescent sub- 
stances 

12, 14, I** 

Biphenyl 

propylene 

90-M* 

isopropylbiphenyls 

11 
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Table 22 — (Cantimued) 


Hydrocarbon 

OMn 

Conditum* 

Product 

Ref. 

Diphenyl, 
hydrogenated 
biphenyl, and 
chloro- or 
bromobiphenyl 

olebna of li 

th^fi 6 

C atoms 

7.'5-90* 

alkyl derivatives of 
corresponding 
biphenyls 

16 

Chlorohydroxy- 

biphcnyls 

olefins 

75-176" 

alkylchlorohydroxy- 
bi phenyls 

13 
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higher-boiling products.^® According to Bodroux reaction with toluene 
can be effecteii so as to give a 63 per cent yield of cyclohexyltoluene, 
b.p. 255-61 °/758 mm. He also reports the following data on addition of 
other alkylated benzenes to cyclohexane in presence of aluminum 
chloride: 


Alk>'lbenMne Product; -bensene % Yield 

7>-Xylene 2-cycl oh e^l-l,4-diin ethyl- 45 

di cyclohexyl-1 ,4-dimethyl- small amt. 

m-Xylene 5-cyc1ohcxyl-l ,3-dimethyl- 81 

Mesitylene 2-cycl ohexyI-1, 3, 5-trimethyl- 35 

Cymene cyclohexyl-l-iscipropyM-m ethyl- 40 

dicyclohexy]-l-isopropy]-4-methyl- small amt, 


According to Corson and Ipatieff**^ the products of the addition of 
benzene to cyclohexene in the presence of aluminum chloride depend 
upon the amount of oyclohexene used in the reaction. Mono- (I), 
di- (II), tri- (III), and t^tra (IV)-cvclohexylbenzenes are formed as 
shown below: 


T. M. Barry and B. B. Reid, loc. cit. B. S. NametMn and B. B. Pokrovekaya, /. Gen. Chem. 


(17 S' loc. cit. B. S. 

‘ w-oro (1807); C. A., 31, 5832. 

Compt. rend.' 188, 1008-1008 (1928); C. A., 22, 2370. ^ 

B. B. CoTSim and V. N. Ipati^ /. Am. Chem. Soc., 59, 645-847 (1087); C. A.. 31, 8888 (1087). 
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170 

CydohnniB 

(B) 

246 

Aia. 

(g) 

60 

PtudUBti obtalnod, 
(t) 

60—1 

31— U 

168— m 

1— IV 

156 

328 

and 

150 g ryclohrxane 

GO 

20-1 
36—11 
160-III 
80— IV 


These investigators, as well as Nainetkin and Pokrovskaja found 
that a transfer of cyclohexyl groups from cyclohexylbenzenes to benzene 
occurs upon heating in the prcsenee of aluminum chloride. 

The production of cyclohexyl aromatic hydrorarbons or their halogen 
derivatives by reaction of cyclohcxcne with aromatic hydrocarbons or 
halogenated aromatic hydrocarbons in the presenre of aluminum ehlonde 
is covered by a patent to Dow Chemical Company *• An example rite'> 
the preparation of a monncyclohexylelilorobenzene by reaction of eyelo- 
hexene with chlorobenzene in presenre of about 0.05 mole of aluminum 
chloride. 

The reaction of cyclopentene with benzene and aluminum chloride has 
been investigated by Namctkin and Pokrovskaja.'** Cyclnpeiitylbcnzeiie 
is the main reaction product. Some di- and tricyclopentylbcnzenes were 
also found, the yield of the higher homolngs depending on the ratio ol 
cyclopentene to benzene used. Cydopentylbenzcnc with eyclopentene 
yields di- and tricyclopentylbcnzenes. Tctracyclopcntylbenzene as 
obtained by reacting cyclopentene with dicyrlopeiitylbenzenc. 

The addition of jsenzene to 2,4-diphenyl-4-inethylpentene-2 has been 
reported to result in production of a 20 per cent yield of the saturated 
dimer of a-methylstyrene, l,l,3-trimethyl-3-phenylhydrindcne: 




r.Hi-^rHt 

Naphthalene or tetralin reacts with cyclopentene or cyclohexene 
to give a mixture of mono- and pulycyclopentyl or cyclohexylnaphtlia- 
lenes or tetralins. 

Reaction of Olefins with Phenols 

The addition of olefins to phenols in the presence of aluminum chlo- 
ride constitutes a commercial method for the preparation of nuclear 


•U. S. P. I,m,n4 (104) to Dmr Choutal Co.; C. A., 
B. NUMAkin and K fi. PokrovBlcaja, /. Qen, Chem, 
*4E. Barmum, H. Taubadsl, and H. Wbim, Ber., 64, 1 


26, 0166 


B. 8 R). I, au-Tii (ins) 


^E. Bermuin, H. Taubadel, and H. Wbim, Ber., 64, 1498^1501 (IMl). ^ 

>E B Pokrovikuo anil B. J Smehtaohik, J. Om. Chem fU. 8. 8. B )p t, ini-Hlll 

I. Chtm. Abi.-Aril, IM (IWO). 

>E S Pakravskaio and T. Q. Btepantieva, /. Otn. Chem (V. 8. 8 B.), lUl-lNO 


Bnt. Chem. Abt.-A, H, 1(1 (ItlO). 
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alkylated phenols. The reaction appears to be a general one, but as in 
other additions of this type, it is most readily effected with olefins of at 
least 3 carbon atoms. Phenol, substituted phenols, or naphthols have 
been specified as phenolic constituents. The use of a small anoount of 
alkyl chloride or of hydrogen halide is advantageous in initiating the 
reaction. Solvents, for example, carbon tetrachloride, may be used.^*^ 
The alkylated phenols, especially p-fert-butylphenol, are used in prepa- 
ration of oil-soluble phenol- aldehyde resins. 

A 77.8 per cent yield of p-tert-butylphenol has been secured by react- 
ing 56 g of isobutylene, 94 g of phenol, 9 g of tert-butyl chloride, and 5 g 
of aluminum chloride at IW and 5 atmospheres’ pressure for two 
minutes.^® 

Diisobutylene may be used as the olefin for preparation of p-tert- 
butylphenol. Such a process consists in reacting phenol with a polyiso- 
butylene at 110-190° in the presence of a Friedcl-Crafts catalyst.^® 
According to Smith and Rodden,®® the product of the reaction of diiso- 
butylene with phenol and aluminum chloride depends upon reaction con- 
ditions. When li moles of aluminum chloride are gradually added to a 
mole of phenol, a half mole of diisobutylene is slowly added with heating, 
and the reaction mixture is subsequently heated on a steam-bath for six 
hours, the products consists of tert-butylphcnol in 67 per cent yield and 
4- (l,l,3,3)-(tctramethylbutyl) phenol in 14 per cent yield. More vigor- 
ous conditions favor the formation of only tert-butylphenol, whereas 
much milder conditions tend to produce the (tetramcthylbutyl) phenol 
almost completely. 

The condensation of phenols with cracked gasolines containing sub- 
stantial quantities of olefins in the presence of aluminum chloride leads 
to production of alkylated phenols which may be used in the manufacture 
of aldehyde resins.®^ 

Ring closure takes place in the condensation of di-tertiary 1,5-di- 
olefins with phenols and aluminum chloride. 2,5-Dimethyl-l,5-hexadiene 
and phenol thus^ yield 5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-naphthol, 
together with a lesser amount of a chromane derivative, formed by 
reaction of the first product with an additional mole of the diolefin.®® 
This reaction, involving cycli-alkylation through addition at both double 
bonds, is noteworthy because, in general, diolcfins arc readily polymerized 
m the presence of aluminum chloride. 


Reaction of Olefins with Phenol Ethebs 

The alkylation of phenol ethers may be effected by reaction with 
olefins in presence of aluminum chloride. According to Seide and 

l-SW.WO (1103) to F. Linuor (to Bock, Koller, A Co.), C. A, 27, 28H: French P. 
(lOM) to Boc ReiohhoM, Flugger, end BoeekiiiK, C A., 25, 3018; Austrinn A 124.881 (1981) to 
Kcirhhold. hutSx!, Hiitl Uuwking), C. A.. 28, 785. ^ _ 

M ii L uul P. P. BasrvuitHma, Nrftyanor Khoz, (1S88). Nit. 2, 311-41; V. X.. 3). 8121. 

ton i' o to H. P. Pwliiii niul H. B. Nuttina (to Dow riiniiiisal Co.). 

•ilh B -f >*»»■ vhtm ua (imy _ _ . 

to V P*'*!* *» Boo. frnneaug Bwluoite. r. A.. Jl, 4341 (WIT); Brit. P. 471,411 (WW) 

• S^'.Kriltr A Co.; U. B. P. (IMl) to A. Zink, (to BdcIe, Knllv ft Co.). 

H. A. Bium nd J. W. KiMaer, /. Am. CAem. Boe., «. N-44 (1240). 
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Dubinin,** the reaction of ieobutene with m-creBol methyl ether and alu- 
minum chloride yields only o-butyl-m-cresol methyl ether, m.p. 23-24°, 


OCBi 



Alkylation effected by passage of isobutene into 5 per cent solutions of 
aluminum chloride in a phenol ether gave the following results 

Phenol ether Product % Yiplil 

o-Cresol methyl ether ^ert-butyl-o-rresol methyl ether, 

b.pai 112-3'* 58 

p^Cresol methyl ether 3-tert-butyl-p-crcbol methyl ether, 

b.pai 61 

Resorcinol dimethyl ethor 4-tert-butvlre8orcinol dimethyl ether, 

b.p4a 120-2“ 71 


The production of the methyl ether of tert-butyl-m-cresol by reaction 
of m-cresol methyl ether for about a half hour in the presence of alumi- 
num chloride has been patented Another patent claims alkylation of 
oresol methyl ethers by passage of isobutene or propone into a mixture 
of 366 K of the ether and 36 K of aluminum chloride at 0° until a lOO-g 


increase in weight has occurred. 

The following products are claimed 

Ether 

Olelin 

PriKiuct 

m-Cresol methyl ether 

iBobutenr 

l-mcthyl-3-methoxy-4-terf-butylbonzeii(‘ 
b p. 228“ 

m-Cresoi methyl ether 

propenc 

a mixture of methyl ethers of isomeric 
thymoN, b p. 215-230“ 

p-Cresol methyl ether 

isobutem* 

l-methyl-4-methoxy-3-/erNbutylbcnzDnp 
bp 226“ 

o-Cresol methyl ether 

isobutene 

l-mcthyl-2-methoxy-^cr^-butylbcnzpnr, 

b.p 232** 


The reaction of di-tertiary l,6-diole6nB with phenols resulting in the 
formation of higher ring compounds * is also applicable to phenol etheis 


Addition or Aromatic Compounds to Unsatubated Cabboxydic Acids 


As with olefinic hydrocarbons, addition of aryl groups at the double 
bond may be effected by reaction of unsaturated carboxylic acids witli 
aromatic compounds in presence of aluminum chloride. With the exeep- 
tion of those effected with oleic acid, reports of such reactions wiih 
other acids are sketchy and often contradictory. A great deal of the 
confusion concerning the identity of reaction products is imdoubtcdly 


■O. A. SwU Ud B. M. DubiniB, J. Oan. Chm. (U. B. B. R ). 2 (M), 1M-4TI (IW). 0 /■ 

**^8.' M 'DnbiDia, Cmpt. rand. arad. Bei. 0. B. B 8 ., 3, M-MS (IIU); C. A , 30, 1*70. C / ■ 
l495n X 4061 

■ U* S. P* 1 *37,00 (Itw to E Wondarirobl (to QivMudan-DaUwMnB. Ino ) i «7. A , 37, *792 
•rtwish P T1IIT7 (lOH) to Sobwiog-KnMboDin , C /., 1112, H, 013-OU; Brit. P- 
(IHl) to SohiriiiB-KahIbaimi. Bnt. Chun. Abt.-R, tit (10*2). 

*See page 407. 
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due to the fact that tlie aryl-substituted acids secured are generally oils. 
Little is known about the orientation of the entering aryl group. In the 
case of the reaction with oleic acid^ it has been pointed out that the 
product is an approximately equal mixture of 9- and 10-phenyloctadeca- 
noir acid, addition ihus occurring at either of tlie unsaturated carbons. 
The wide boiling ranges of products of similar reaction indicate general 
formation of isomeric products. Although several investigators have 
slated that yields of arylated acids increase with the distance between 
the double bond and the carhoxy- group of the unsaturated acid, experi- 
mental evidence is too meager to substantiate this generality. Reactions 
with unsaturated aliphatic acids, from acrylic to oleic, have been reported, 
and analogous reactions have been found to take place with unsaturated 
dicarboxylic acid, aralkyl acids, and alicyclic acids. Yields, thorough 
characterization of products, and reaction conditions arc not often given. 
Since aluminum chloride has a polymerizing effect on unsaturated acids, 
by-products of the reaction are frequently resinous materials. Aluminum 
chloride has been shown to have not only a polymerizing effect**® on oleic 
acid, but also a decomposing action.®® 

In 1908, Eijkman reported that when unsaturated aliphatic or aral- 
kyl acids are reacted with benzene in the presence of aluminum chloride, 
addition of the phenyl residue occurs at the double bond, with production 
of aryl-substituted saturated acids. Crotonic acid thus yields j8-phenyl- 
butyric acid 

CH. . CH : CII . COOH + C.ll. CH, . CH(C.H,) . CII.COOH 

The following series of condensations, most of which were effected by 
maintaining a mixture of the unsaturated acid with the hydrocarbon and 
aluminum chloride at 30° for four weeks, are reported by Eijkman: 


Hydrocarbon 

Acid 

Benzene 

crotonic 

Toluene 

crotonic 

Benzene 

A'-isbpcntenic acid 
(CH.),C:CH.COOH 

Toluene 

A'-isopentenic acid 

Benzene 

tiglic acid 

CHiCH:C(CH.).COOH 

Benzene 

cinmunic 

C.H5.CH:CHC00H 

Benzene 

a-me thylcinnami c 
CaHa.CH:C(CH.>.COOH 

Benzene 

^thylcinnamic 

Benzene 

a-phenylcinnamic 


Produot 

/9-phenylbutyric acid 
no addition product 
phenylisopropylacetic acid 
(CH.),CH.CH(C,H.) .COOH 

tolylisopentanio acid 
cr^-dimetliyl-/9-pheny]propionic acid 
CH..CH(aHD) CHtCH.) .COOH 
^,/3-diphenylpropionic acid 
(C.H.).CH.CH..COOH 

a-methyl-/3,^-diphcnylpTopionic acid 
(C.H»).CH.CH (CH.) .COOH 

a-ethyl-/9J3-diphenylpropionic acid 
a^^-triphenylpropionic acid 


Soc.. 54, 2515-2527 (11132). 
chim. h). 49, liei-im (1B81); Brit Chtm. 
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Previously, Eiikman had also reported the following reactions with 
benzene: 


Fbenyiuocrot^ic 

Allylacetic 

/9,Y-^dro9orbinic 

(ca-CH,.cH .cn.cm.cooB) 

/9,7-Hydropiper j nic 

(CH.O,.CJI..CH*CH :CHCHt-COOH) 
AUylmalonic 

IsoUuronolic 

^Campholenic 


Prodact 

7,7-diplienylbutyrio acid 
y-phenylvaleric acid 
phenyJhcxyl acid 

no satisfactory results 

no aromatic substituted acid; pves 
lactones instead 

phenyldihydroisolauronolic acid 

phenyidihydrocampholenic acid (alow 
reaction) 


Reaction of acrylic acid with benzene in the presence of aluminum chlo- 
ride has been claimed to yield )9-phenylpropionic acid 


CHj ; CHCOOH + C.H. C.H, . CH» . CH. . COOH 

The condensation of acrylic acid with anthracene in the presence of 
aluminum chloride has been claimed to give an addition compound (m.p. 
187-188°) having the following structure, 



and an analogous compound (m.p. 232°) from cinnamic acid. Similar 
products are secured from acrylic acid and ms-dichloroanthracene, 1,5-di- 
chloroanthracene, 2,7-dimethylanthracene, a-anthrol, or phenanthrene. 
When anthracene is reacted with maleic acid, a /9-lactone is formed.**^ 

Dimethylacrylic acid has ben reacted with alkylbenzenes to give 
normal double-bond addition products. Thus, 5 g of dimethylacrylic acid 
with p-xylene and aluminum chloride at 0° gives 4.12 g of /9-(2,5-di- 
methylphenyl) isovaleric acid. Mesitylene, hemimellitene, and pseudo- 
cumene react analogously, although rearrangement of alkyl groups occurs 
with the latter. The product from mesitylene was a dimethylphenylisn- 
valeric acid.*® Obviously during the condensation of dimethylacrylic acid 
with trialkyl benzenes, the alkyl groups are split off or rearranged. 

It has been recently noted by Nenitzescu and his co-workers ®* that in 
the reactiCHi of aliphatic a-yS-unsaturated acids with benzene in the pres- 
ence of aluminum chloride, the phenyl group does not take the position 


•3. t. BUkwn. CA«n. W««kl>toi(. 4, TIT-TU (IMS); C. Z., INT, H, IMI. 
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which bad been occupied by the double bond. Thus, 2-hexcnoic acid 
gives 5-phenylcaproic acid and 3-methyl-2-hexenoic acid gives exclusively 
3-inethyl-5-phenylcaproic acid. With the assumption that these reac- 
tions proceeded through intermediate formation of saturated aliphatic 
ehloro-acids, an attempt to isolate the chloro-acid from 2-hexenoic acid 
was unsuccessful, although some chlorine was detected in the product 
resulting from the treatment of the acid with aluminum chloride and 
carbon disulfide. It was found, hoM^ever, that 2-hexenoic acid was con- 
verted to the 3- or 4-isomer during the treatment. It was thus concluded 
that a successive addition and elimination of hydrogen chloride had 
occurred and that the production of, e.g., 5-phenylcaproic acid from 
2-hexenoic acid was due, not to halogen migration in the intermediately 
formed chloro-acid, but to this elimination and rcintroduction of hydro- 
gen halide; this also explains why the phenyl group docs not go to the 
end carbon. 

The condensation of olefinic acids with benzene in the presence of 
aluminum chloride has been studied with the object of obtaining products 
of therapeutic value.^'^ Undecylenic acid with benzene gave two acids, 
which were considered to be u or u'-phenylundecyl acids, whose amides 
melted at 57° and 79°, respectively. Undecylenic acid was also found to 
condense with benzylcyanide wdth formation of phenylacetonitrile-4- 
undecuic acid, NC.CH 2 .CoH 4 .(CH 2 )io.COOH. From a long study of 
similar reactions, it was found that the esters of the olefinic acids afford 
higher yields than the free acids, and that the yields increase with the 
distance between the double linking and the carboxyl group. 

Using the method of Eijkinan ®- and of Czensny Wislicenus and 
Eblc prepared /9,j9-diphenylpropionic acid ft-om cinnamic acid and ben- 
zene. To a solution of 30 g of the acid in about 300-350 g of benzene, 
50 g of powdered aluminum chloride was slowly added. If the tem- 
perature was constantly kept at below 10°, the yield was almost quanti- 
tative. These investigators prepared the ethyl ester of the diaryl acid 
and reported for it a melting point of 22-23°. 

It has been found that reaction of o- or p-chlorocinnamic acid with 
benzene and aluminum chloride results in formation of one product, 
^,^-diphenylpropionic acid.^® In analogous reaction of o- or p-chloro- 
rinnamic acid with chlorobenzene, the addition products were also iden- 
tiral, /9,/9-bis(p-chlorophcnyl) -propionic acid being secured. The anoma- 
lous course of these reactions has been explained by assuming a rever- 
sible reaction. In each case the normal addition products were formed, 
elimination of a chlorophenyl group occurred, and subsequent reaction of 
Ihe halogen- free acid with benzene or chlorobenzene gave j9,/9-diphenyl- 
propionic acid or /9,)B-bis(p-chlorophenyl) propionic acid respectively. 

Hydrogenation, as well as replacement of an aryl group, has been 


1181-1172 (1081); Bni. Cfc«n. Ab«.-A, 


adle, - 


* ww, p. 10. 

BblB, W, SO, 2SO-Ofi2 (1017). 
A. C. Fummi, a. P. Konoilc, and J. T. Eatou, /. A 
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observed in the reaction of /9-(p-ohlorophcnyl) cinnamic acid with ben- 
sene and aluminum chloride 


0 ^ 


CiHdCl 

I 

CHCOOII 


+ CiHi 


AlCh 


CiHi 

j^^^^j-rHCU.COOH 


Unsaturated keto- acids have been shown to add benzene or toluene 
at the double bondJ^ /9-Benzoylacr}'hc acid, prepared by reaction of 
maleic anhydride with benzene in presence of aluminum chloride, resell 
according to the scheme: 


CtH. 

C.H..CO.CH :CHC00H C.II, . CO . CII. . . COOH 

A large excess of the catalyst and benzene is necessary for the reartioii 
and the yield of Gt-phcnyl-jff-benzoylpropionic acid is low. An analognib 
addition takes place with toluene, with production of a-tolyl-/9-benzoy]- 
propionic acid. /S-Toluylacrylic acid with toluene similarly gives a 20 per 
cent yield of a-tolyl-j9-toluylpropionic acid. 

Reaction with Higher Unsaturated Fatty Acids 

According to Marcusson,^^ the reaction of oleic acid with benzene in 
the presence of aluminum chloride proceeds according to the scheme. 

CHi . (CH.)7 . CH : CH . (CHi), . COOH + AlCl. — ► 

CH, . (ch.) 7 . ciici . CH(ticii) . (cui)7 . coon 


CIli(CU,)7 . CH . C,Hi . CHfAlCl,) . (CH,)7 . COOH 
CH.(CH7)7 . CH . CiH. . CH. . (CHt)7COOH + A1C1.0H 


Elaidic acid was found to react analogously. The reaction appeared io 
be of general applicability with homologs of benzene, naphthalene, 
anthracene, nitrolKnzene, anisole, phenetole, etc. The condensation prod- 
ucts were thick liquids. The product from oleic acid and anthracene was 
distinguished by its high viscosity. Acids in which the olefinic bond was 
adjacent to the carboxyl group, for example, n>crotonic acid or phcn>l- 
acrylic acid, did not undergo the reaction. This contradicts the carlui 
work of Eijkman.** Unsaturated acids, that is, those which absorbed no 
methyl iodide from the Hiibl solution, did not add aluminum chloride, 
and, therefore, did not condense with benzene. The fact that phcnyla- 
tion did not occur if the double bond were in the a-position to the ear- 


^ L. L. AlcKindir, A. L. jMoby, ud R. C. Fuion. /. Am. Chm. Boo*, S7, nOS-2909 (1B86). 
«1L Pumsiera uid E. Buohto, Bof,, M. 1005-1017 (IMO). 
n J. MAKumcttp 2. ongtw. Chm., U, 91-na, 284-285 (1080); C. Z., 1020, IV, 087-868. 



ADDITION REACTIONS 


473 


hoxyl group is of interee^t in that Poncio and Gastaldi^^ had previously 
pointed out that the further removed is the double bond from the car- 
boxyl group, the more closely dnph the experimental iodine number 
approarh the theoretical iodine number of unsuturated acids. 

A 36 per cent yield of phenylstcaric iicirl was securer! by Nicolct and 
(leMilt^^^ who added 100 g (1.2 molecular proportions) of aluminum 
chloride to 200 cc of oleic acid dissolved in 400 g of dry benzene, and 
after the violent reaction had moderated, gradually heated the reaction 
mixture to 80°, and kept it at this temperature for about six hours, or 
until evolution of hydrogen chloride had ceased. The position of the 
phenyl group was not proved, but the product was considered to be 
probably lO-phenylstearic acid. The material upon which the yield was 
based had a boiling range of about 230-250“/4 mm. 

From a study of the effect of varying the amount of aluminum chlo- 
ride in the reaction of oleic acid with benzene, Rchmidt'^* has concluded 
that production of phenylstearic acid proceeds with great speed in the 
presence of approximately equimolecular quantities of aluminum chloride 
and oleic acid and an excess of benzene. Reaction was found to be prac- 
tically complete in less than five minutes. If a considerable excess of 
alurninum chloride is used, or jirolonged boiling of the reaction mixture 
IS effected, products arc formed uhich have lower neutralization cquiva- 
lenls than that of phcnvlstearic acid. With less than one-third of the 
equivalent quantity of aluminum chloride, very little condensation 
occurs. 

Reaction of oleic acid with xylene vas found to proceed with equal 
rapidity. 

According to Harmon and Marvel, the phenyloctadecanoic acid pre- 
pared by Nicolet and de Milt ” and by Schmidt is a mixture of about 
equal parts of 9- and 10-phenyloctadecanoic acids. When these acids 
were prepared by the malonic ester synthesis, they had the following 
constants; 


9- phenyloctadpcanoic acid 

10- phenyloctadecanoio acid 


, b.p- 

•c 

mm 

’’d 

BP Er 25 

200-204 

.09 

1.4891 

0.9340 

199-205 

.09 

1.4R94 

0.9336 


Preparation of phenyloctadecanoic acid according to the method of 
Nicolet and de Milt gives a product having the following constants: 


"D 

1.4906 


Bp ar 


25 

35 


02377 


p-Brninophenacyl esters were prepared of the three ])rnducts. The puri- 
fied esters had the following melting points: 


™2- Rd c. OaiitAldi. OoMt. thim. Uol.. 43 (HX M-Ms C 2- 

•nS' 9* Bad O. M. de Milt. J Am, ckem. Bq^ 41, 1105-1105 (1027). 

77 j S; y. Am. Chmn, Boc., S2, 1172-1174 ClOW) . ^ 

J. HtnoMi end C, B. Marvd, J, AmVbhsm. Soc., 54, 1515-2527 (1082). 


1104. 



474 


ANHYDnOVS AWMJNVM CHLORIDE 



ni.p. CC) 

No. of eryetalluatioiu 

Q-isomer 


7 

lO-isomer 

71-J2 

6 

Product from oleic 
acid and benzene 

79.82 

14 


Indications are that the product prepared according to the procedure of 
Nicolet and deMilt is an approximately equal mixture of 9- and 10- 
phenyloctadecanoic acids. 

An improved method of producing phcnylstcaric acid from oleic acid 
and benzene in presence of aluminum chloride has been claimed Anhy- 
drous oleic acid (350 parts) is dissolved in 600-900 parts of anhydrous 
benzene, the solution is heated to about 7B-80'', and is gradually added to 
180-200 parts of aluminum chloride which has l>ccn wetted with anhy- 
drous benzene. 

Kimura and his co-workers report that phcnylstcaric acid is advan- 
tageously prepared by adding, with stirring, during five minutes, 56 g of 
aluminum chloride to a solution of 80 g of oleic acid in 450 cc of thin- 
phene-free benzene, and subsequently heating the reaction mixture on a 
water-bath for two to three hours. Vpon cooling, the reddish-brown 
reaction mixture was diluted with 1200 cc of ether, and then slowly 
treated, with stirring, with 800 cc of 20 per cent hydrochloric acid. The 
ethereal solution was washed neutral with water, dried with anhydrous 
sodium sulfate, and distilled in vacuo. There was secured 95 g of a dark 
red oil. This crude phcnylstearic acid was fractionated at 4 mm in a 
stream of carbon dioxide; the fraction boiling at 260-270” was collected 
Purification was effected by treatment of 400 g of the fraction, dissolved 
in 5(K) cc of ether, with about 5 g of activated carbon, heating with reflux 
on a water-bath for 30 minutes, and allowing the whole to stand over- 
night. Distillation of the filtered solution gave a purified phcnylstearic 
acid having an acid number of 162. 

For the identification of phcnylstearic acid, prepared by phenylation 
of oleic acid, Kimura and Taniguti prepared the following crystalline 
derivatives: 

S-benzylthiiironium salt, m.p. 143-145” 
p-xeaylamide, m.p. 91-02” 
p-iodophenacyl ester, m.p, 34^35” 
p-phenyjphenapyl ester, m.p. 35-40” (crude product) 
benzimidazole derivative is an orange-yellow oil 

According to Stirton and Peterson,®® arylstearic acids from oleic ami 
are best prepared if an excess of the aromatic component is used, a 
7 : 1 ratio of the aromatic compound to oleic acid being desirable. 
investigators report the following condensations with oleic acid. The 
yields given represent a fraction after 2 vacuum distillations. 


rr* U. 8. P. 1,072,506 (1004) to B. H. McKee and H. B. Febio-; C. A., 20, 6440. 

«W, Kimon, T. Omiin, and H. Taniguehl. Bcr., 71, 2086-2067 (1008). ^ ^ . 

^W, Kimara and H. Taniguti, /. Soc. Chem, /ad. /apon 42, Suppl. buiding, 204-208 (1000) i 
8801. 

J. Sthion and R. F. Peienon, tnd. Sng, C/iem., 01t 880-088 (1080). 
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Aromatic 

Product : 

% of TbaorcUoal 

component 

-Bteanc acid 

Yield 

Beniene 

phenyl- 

38 

Toluene 

tolyl- 

38 

Xylene 

xylyl- 

47 

Ghlorobenzeoc 

chJorophenyl- 

25 

BromobenzeuG 

bromophenyl- 

22 

Dipheuyl ether 

phenoxyphenyl- 

29 

Amsole 

Dietboxy phenyl- 

35 


Reaction was effected by adding in portions at room temperature 
during fifteen minutes 100 g (0.75 mole) of aluminum chloride to a solu* 
tion of 200 g (0.709 mole) of oleic acid in an excess of the aromatic com- 
pound, raising the temperature slowly to 80*^, and maintaining it at this 
temperature for six hours. The reaction mixture was agitated contin- 
uously. It was found that yields were not increased by adding a solution 
of oleic acid to a suspension of aluminum chloride in the aromatic com- 
pound. 

The arylstcaric acids have been suggested for use as addition agents 
to lubricants,^’ and the soaps of phenylstearic acid have been investigated 
as materials for the preparation of lubricating greases.^^ 

The reaction of oleic acid with naphthalene in the presence of alu- 
minum chloride has been used for preparing a Twitchell reagent. A mix- 
ture of the acid and naphthalene is treated with 1.33 mole of Al 2 Cle and 
the reaction mixture is heated for one hour at 60°. The aluminum salt 
of 9 (or 10)-a-naphthylstearic acid was hPcured. Purification of the free 
acid was effected by long extraction with benzene. The free acid could 
not be crystallized.®® 

It has been found that optimum conditions for the tolylation of 
camclia oil comprise the use of a 30 per cent excess of aluminum chlo- 
ride, 1400 per cent excess toluene, and a temperature between 25 and 34°. 
Reaction is rapid and is usually complete in three hours. The product 
was a light-orange, clear, viscous oil, dau 9429, iiro 1.4890, sapon. no. 
158.31, esterification no. 152.3, and iodine no. 10.64. The mixture of 
tolylstearic acids obtained was purified through the methyl esters, from 
which a p-xenylamidc (m.p. 86.5°) was isolated as the main product.®® 
Plastic materials have been claimed as products of the reaction of 
rubber, dissolved in an inert solvent, with unsaturated fatty acids of at 
least 6 carbon atoms in the presence of aluminum chloride.®® Examples 
rite the use of oleic and linolcnic acids. 


^^-Cyclohezenyl Acetic Acid 

The identity of the product resulting from the addition of benzene to 
^'“cyclohexenylacetic acid in the presence of aluminum chloride has been 


1 ™ F. Peterwin. loo. c.<.; V. B P. 2.10®,2« ( to ^ Glewon ; I . S. P. 

P. 2,B4a,8M CIW®) to II. C. Moiim; 0. B. P. 2.081,075 (1M7) uid U. S. P. 
' C. VpbMh. 

_ W. fl. GdfoU. Ind. Eny. C/umi., 22, 4SI (1850). 


» Ut Q 1 . any. i vinn., ^ iivov/. 

WW y. pniJte, 142, 40-78 11085); C ^ r... 

iniui)- /. Sue. Clum. 2nd, Japan, 42, Suppl. bmdinK, IW-IIW (1980) (iii aer- 

‘i. T«urugi. J. Soc. Chtm. Ind. Japan, 42, llO-SM U (IM#) : Bnt. Chen,. Ab,.. 

P, 8UJ84 (18N) to Annour and Co. 
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a matter of some study. The reaction would be expected to occur with 
production of 2 -phen 7 lcyoloBcetic acid, 


CHi . COOH 
/ 


/ 

HaC 


ClI 


HiC CIIi 

\ / 

C 


+ C.H. 


AlCb 


H CHi . COOH 

\ / 

C 

/ \ H 

HaC CHa 

\ / 

C 


Ha 


Ha 


and it has been reported to proceed in this way. According to Cook,*''' 
however, the reaction is accompanied by migration of double bonds, nnd 
gives, not 2-phenylcycloBcetic acid, but the 4-phenyl isomer. Subse- 
quently Ghosh “ repeated the reaction and stated that the product was 
2-phenylcyclohexylacetic acid (m.p. 69-70°), and that the same com- 
pound was prepared also by condensation of hexahydro-a-coumaranonc 
and benzene in the presence of aluminum chloride. He did not give the 
mixed melting point of the acids obtained from the two sources, since the 
individual products themselves did not have sharp melting points 
According to Cook, Hewett, and Lawrance,"” the two stereoisomcnc 
2-phenylcyclohexylacetic acid.s have melting points of 84-85° and 168- 
170°. 

In order to learn more about the reaction, Cook and (Souhlcii 
studied the addition of benzene to A'-cyclolie\enylacctic acid m presence 
of aluminum chloride at 0°, at room temperature, and on a boiling water- 
bath. In all cases they secured a moderately good yield of a liquid mix- 
ture of acids from which a 7 per cent yield of 4-phenylcyclohcxylacetic 
acid (m.p. 112.5-113.5°) wras secured. This product w’as converted into 
an amide, m.p. 195-196°. The amide of the acid secured by Ghosh was 
reported to melt at 196-197°. Cook and Goulden did not investigate the 
nature of the other acids secured, but they showed that 2-phenylcycIo- 
hexyl-acetic acids were not present, since these are dehydrated by treat- 
ment with sulfuric acid, whereas the liquid mixture of acids is sulfonated 

Obviously migration occurs during the reaction; 


CHiCOOH 

/ 


/ 

UiC 


CH 


-» Uill. 


HaC CHi 

\ / 

C 

I 

H, 


II ClliCOOIl 

\ / 

c 

/ \ 

IliC CUi 

I I 

HiC CHj 

\ / 

c 

/ \ 

ir CtHs 


’R Oliodi mi riitwr, I, m (IMS), bnt Ch<m Aht -A, 14U (IIHS) 

• J. W. CcNik, and Ind., M, ZM IlHTl 

•H. Ohcwli, getmo' mi ('titun, 3, U-H (IHDt C. A., it, TBH. 

' J W. Oiwki C. 1< Hmrrtt, oad C. A. Lnwranea, / Chmt. Sot., 71-80 (1000) 
> J. W. Ow* and T. Qoulda, /. CA«m. Soe., IBOI-liM (IWr). 
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A migration of this type has likewise been observed by Nenitzesrti 
and Curc&neanu in the condensation of 1^-dibromocyclohexane with 
benzene in the presence of ahiminum chloride. In this case no 1,2-di- 
phrnylryrlohexann was formed, the products being 1,3* and 1,4-riiphetiyl- 
cyclohexanes. 

Furolc Acid 

The reaction of benzene with 2-furoic acid and aluminum chloride has 
been reported by King to result in a product whieh was believed to be 
3-pheTiyl-2,3-dihydro-2-furoic acid, 


UC OCiHi 

II I 

Hf C-COOH 

Addition was assumed to occur at the double bond. Gilman and his 
co-workers have shown, however, that the product is really a-naphthoic 
acid, probably aecurring ns a consequence of 1,4-addition, and subsequent 
elimination of the oxygon bridge by intramolecular dehydration. 


COOH 



An analogous reaction takes place when chlorobenzene, toluene, or ani- 
snlo is substituted for benzene, the corresponding 6-substituted-l-naph- 
llioic acids being secured.®'^ 

Coumarllic Acid 

^ The addition of benzene to coumarilic acid has been reported by 
King'*^ to result ‘in formation of iz-phcnyl-a,)S-dihydrocouraarilic acid, 
m p. 68-69°: 



CiHi + AlCla^ 


N 


CHi 

Lc.h. 

‘^COOH 


Addition of Aromatic Compounds to Unsatx’rated Esters 


It has been found that benzene or its derivatives adds more readily 
to the double bond of olefinic esters than it does to that of the free acid. 
With the object of obtaining esters of medicinal value in treating leprosy, 
raters of undecenoic and hydnocarpic acid have been condensed with ben* 


and D. CurOnoanu, Bvr., 70. 840-M8 ^107). 


bM M«Oorid«raiKl n! oVc^allowiy.'TTAm. Chem. Soc., SS. 7U (1VB4); C. A., M. 1700. 

M- MBCoriria tnd JT. A. V. Tu»k. PriT/oulo Arod. Sci.. 43, 005-200 (lOOO) ; C. A.. 33. 4101. 
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sene and some of its derivatives in the presenoe of aluminum chloride.** 
None of the substances prepared had any therapeutic value. It was 
found that yields increased with the distance between the olefinio bond 
and the carboxy- group, and that derivatives of benzene containing para- 
directing substituents gave better yields than benzene itself. The follow- 
ing reactions are described: 



Bmsone or 
derivative 

FhIih 

Ain., 

Pirnliirt^ 

1 

40 moles benzene 

1 mole undecylenic 
and ethyl ester 

1 molo 

6»- and u'-phenylundori- 
noic acid ethyl ester 

2 

40 moles benzene 

1 mole hydnocarpir 
and ethyl ester 

1 mole 

phenyldihydrohydno- 
carpic and ethyl ester 

3 

96 ft anisole (in 

100 K petroleum 
ether) 

53 g undecylenic 
and ethyl ester 

134 K 

p-m e th oxy ph eny lun- 
decjinoic and ethvl 
ester 

4 

06 g anisole (m 

100 g petroleum 
ether) 

53 g hydnocarpic 
acid ethyl ester 

134 K 

p-methoxyphenyldi- 
hydrohydnocarpic 
acid ethyl ester 

5 

55 g anisole (in 

100 g petroleum 
ether) 

20 g allylmalomc 
acid ethyl ester 

M ft 

p-in e th oxy phenyl pr o- 
pylmalonic acid pth^I 
ester 


40 g benzene 

55 g undecylenic 
and ethyl ester 

40 e 

phenvlenediundecanoiL 
acid diethyl ester 


136 g phenyl- 
acetic acid 

106 ^ undecylenic 
and ethyl ester 

200 R 

(in 500 
R CS.) 

ii>- [ 4- ( carboxy methyl) - 
phenyl ] -o-carbethoxy 
decane 


136 g |5-phenyl 
propionic acid 

106 g undecylenic 
and ethyl ester 

200 K 

phenyldimethylene- 
decamethylene-dirar- 
boxyho acid-(l,4)- 
monoethyl ester, 
[CX)0HCH..CH9C.H.- 
(CH.)ioCO.C,H.] 

9 

30 g benzyl 
cyanide 

10 g undecenyl 
acetate 

7 R 

4- ( Ci>-ace toxyunderyl ) - 
phepylarrtomtnlo 
[NCCJHiC.H4(CH9)ii- 

OCO.CHe] 


Reactions 1-4 were effected by introducing the catalyst to a mixlurc 
of the reactants at 35° and then allowing the mixture to stand until 
reaction had ended (by testing with bromine). Reaction 5 required 
twelve hours for completion. The formation of the dicarboxylic acid m 
reaction 6 was due to the proportion of the reactants used, as well as to 
the fact that the reaction mixture was heated for three hours. In rcar- 
tions 7-8 the aralkyl acid was added to the catalyst in carbon disulfide 
under cooling, the unsaturated ester was added to this mixture, and the 
whole was heated to boiling for one hour. The reaction mixture of 
experiment 9 was heated for fifteen hours at 60°. 

Condensation of oleyl acetate with benzene in presence of aluminum 
chloride has been used for the preparation of phenylstearic alcohol 

"E Founmui and P. M. Baruigcr, BM. me. e/um. ( 4 ), 4f. Iltl-IITI (IHl); Bnl- OAe** 
llM (Un); C Z . 1131, II, I4«.8 .A, 

"3 f BMW. riiiiB rt Md Bpeeiil No TM-TM (April. 1H4); C. A , 31, 3811 i Bn* Ai>» 

TH (IIM). 
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Phenylstearic acetate was prepared by gradually adding 80 g of oleyl 
acetate in beneene solution to 34.5 g of aluminum chloride moistened with 
benzene, gradually raising the temperature to 65”, and heating at this 
temperature for ten hours. A total of 200 g of benzene was used. 
Saponification of the phenylstearic acetate by treatment with potassium 
hydroxide gave a 50 per cent yield of phenylstearic alcohol, based on the 
oleyl acetate originally used. 

Reaction of vinyl acetate with benzene in the presence of aluminum 
chloride has been claimed to yield jS-phcnylethyl acetate 


CH. . COOCH ; CH. + CJH. CH, . COOCH, . CH,C.H. 


Condensation products arc analogously secured from vinyl esters and 
phenols.** 

Addition of benzene at the double bond occurs in the formation of 
methyl 4-phenyl-4,5-dihydro-2-mcthyl-3-furoatc from methyl 2-inethyl- 
3-furoate: 


C'b 115 


JI-C c . coocu* 

I! II 

U-C C-CHj 

\/ 

o 


riille 4 Airij ^ 


Il-C V . COOCJis 

I II 

HaC C- . CHi 

O 


Similar treatment of methyl 2-furoatc, however, results in the production 
of methyl a-naphthoatc,^®® 

COOCHi 



The formation of naphthoic acid ester may occur through an endoxy- 
compound as a result of 1,4-addition.^®^ 


Unsaturateo Ketones and Abomatic Compounds 

Aromatic hydrocarbons or phenol ethers add to kctenc with forma- 
tion of arylalkyl ketones: 


CHi : CO + Rll CUsCOll 

rile reaction was first studied by Hurd,^®^ who secured rather unsatis- 
factory results, obtaining with benzene or anisole only complex mixtures 
rom which he was able to isolate small amounts of ketones. With naph- 
Jalenc, he secured a 20-^37 per cent yield of a mixture of a- and /8-aceto- 
^laphtliones. 


I** ^®vorkl8 Btid J, A. V. T ■ o 

dL“ M eCorWfc’and" n'. o!’ Ciarow'^7/. 4 m. C’/icm. 56, t45 (lllM). 
Hurd, /. Am. Chem, Hoc., #7. 3777-1750 (1125): C. A., 20, 42. 
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An attempt to improve the technic was made by Ploeg,**” who used 
the more active veratrole as the aromatic component, and passed hydro- 
gen chloride tlirough the solution during the passage of ketene. Thf' 
expected product, 3,4-dimethoxyacetopbenone, was secured in very low 
yield as the p-nitrophenylhydrasone. 

Subsequent study of the reaction with benxene revealed the presence 
of p-ethylacetophenone, as well as acetophenone, in the reaction mix- 
ture.^^ The former product is probably formed from ethylene present 
in ketene. 

A 32-37 per cent yield of acetophenone has been secured by William'' 
and Osborn."*" These investigators stress the importance of the f<)llo^^- 
ing factors: 

(1) Use of a considerable excess of ketene. 

(2) Use of ketene which contains a minimum amount of ethylene 

(3) Operation at 0°. 

(4) Use of a diluent, such as carbon disulfide. 

(5) Addition of aluminum chloride in small portions with rapid 
stirring. 

Williams and Osborn also rcjmrt that the reaction of ketone iind 
naphthalene can be so run that methyl a-naphthyl ketone in 34 B pci 
cent yield, is obtained to the practical exclusion of the /S-isomer. Tlic-c 
investigators secured a 24 1 per cent yield of methyl /9-tetrahydrnnitpli- 
thyl ketone from tetrahu and ketene, and a 23.4 per cent yield ul 
p-phenylacetophenone from biphenyl and ketene. 

Addition of benzene to mesityl oxide in presence of aluminum chloride 
occurs with production of jB-phenylisobutyl methyl ketone: 

CUi CHa 

CHaUO . CH : C . CUi + CaHt CH.t’O . CHa . 

d'alla 


Reaction occurs readily when 50 g of the oxide is added during tlie cuui''i’ 
of one hour to a mixture consisting of 90 g of aluminum chloride in 200 
cc of benzene at 0° ; stirring is continued for three hours longer. About 
80 per cent of the theoretical yield of the saturated ketone is secured *'”* 
Reaction of vinyl methyl ketone with naphthalene in presence of alu- 
minum chloride has been claimed to give y-ketobutylnaphUialenc."*^ 
Benzalacetophenone adds with benzene to yield / 3 ,i 9 -diphenylpropio- 
pbenone: 


C.H.CH : CHCOCalli + Calta (CaHa)lCHCHa(JOCiHi 

»w. Floaa, Her trav. ehm., O, MZ-M4 (IIM); C. a., 2IL Wll; C. h.SK' Lhm^ 

^K. PaolMndarff, N b. Muuki, uid L. liecler-pKeken^rf, Bor,, li| 

1061 (1093). F S. Bpnnc and T. Vn^rataff. Chom. Boo.t 1673-1874 (1036) 

“■J. W. WlUianui and J. M. Oabofni Pnpw praaantod to tha Divmon of Organic CUm - 
Cbm. Soc., Boaton, 1333 ^ ii M 

A. Hoftniao, /. Am. C/tem. Boc,, Si, 3643-8847 (1038). E. Befunann, H. Taubadel. and u. ^ 
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When reaction is effected by adding 120 g of the unaaturated ketone in 
300 CO of bensene diiring 30 minutes to a aiiapenaion of 160 g of aluminum 
chloride in 1700 cc of benzene at 10-20“, and stirring ia continued for 
about one hour, 76-85 per cent of the theoretical yield of /9,/9-diphenyl- 
propiophenone (m.p. 91-92°) is secured.^"" 

According to Vorlander and Friedberg,^*** the addition of benzene to 
benzalacetophenone probably proceeds by intermediate formation of a 
hydrogen chloride addition product. They base their assumption on the 
fact that benzalmenthone similarly gi^'es diphenylmethylmenthone, 
CioHiTO.CH(CeH 5 )a, and that benzalacetophenone and benzalmenthone 
fnnii stable hydrochlorides. On the other hand, anisalacetophenone, 
4 -CHiO.C 6 H 4 CH:COCoHs, whose hydrochloride is very unstable, was 
found not to combine with benzene and aluminum chloride. A further 
coniirraation of the formation of such a complex was found in the ready 
reaction of benzalaeetoiihenonc hydrochloride with benzene and alumi- 
num chloride to give an excellent yield of /8,^-dipheDylpropiophenone. 
This product may also be secured by primary formation of a benzene- 
Bulfinic acid addition compound of benzalacetophenone. When a mixture 
of benzene, sulfur dioxide, and aluminum chloride and benzalacetophe- 
none are reacted for about ten minutes, addition occurs probably accord- 
ing to the scheme: 


CiHiCH : CHCOCtlli + CtH# + SO> CiHiCUC'HiCOCtHi 


0-i— C 


•Hi 


Upon heating the addition rompound i\'ith benzene and aluminum chlo- 
ride for six hours, the CbHhSOo radical is exchanged by the phenyl group, 
and /9,)9-diphenyipropiophenone is obtained. Anisalacetophenone simi- 
larly forms a benzenesulfinate upon treatment with benzene, sulfur diox- 
ide, and aluminUtn chloride, but an analogous replacement of the C 8 H 5 SO 2 
group does not take place. 

The addition of aryl groups to compounds in which an olefinic group 
is conjugated with a carbonyl group has been shown to be a. reversible 
reaction. Reactions of tliis type are, therefore, further treated under the 
review of work which has been done on the reversibility of the Friedcl- 
Crafts reaction.* 

An interesting reaction ia that of acetylketene with benzene and alu- 
minum chloride to give a 10.5 per cent yield of benzoylacetone 

CiH* + CHiCOCH : CO r.H.COCH.COCHj 

0»v. avnth€»u, 17, Bl-U (1W7). 

D. Vnriiludflr Mid A. Friedbrrg, Ber., Si, 1144-1160 (lOM); C. A., 17, 3179. 

^ page 483. 

^c, D. aiird rad c. D. Kalw, Am. CKem. Soc , U, 1648-1641 (1940). 
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Addition of Abomatic Hydbocabbonb qb their Derivatives 
TO Unbaturatbd Acid Chlorides 

Kohler, Heritage, and Burnley report that the Friedel-Crafts reac- 
tion of cinnamoyl rhloride with benzene proceeda according to the 
BchemeB: 

(I) C.H,CH : CIICOCl + 2Cefl. (C.H.)iCHCH,COC.lI, + HC] 

H 

C-CiHi 

ai) C*H.CH : CHCOCI + C'.ll. 

C 


In their experiment they also secured scmic ^,/3-chhiropheiiylpropi()plic- 
none. This may be assumed to bo formed by hydrolmlogenation during 
the reaction: 

CiHtCll : CHCOCI ^ ^ C'di.-C’H CH.C’OC.H. 

i, 


McKenzie and Barrow found that in an exccbs of benzene as diluent 
the reaction gives a mixture of /8,j8-diphenylpropionic acid and /9,/0-di- 
phenylpropiophenone. In the production of the former, only addition at 
the double bond had occurred: 


C.U«CH : CHCOCI (CiH.)A'H CU.COCl 

(CtH,),CH . CHiCOOII 


Kohler and his co-workers have pointed out that the reaction takc^ 
an entirely different course with phenol rthcrB. Whereas in the reaction 
of cinnamoyl chloride with hydrocarbons there is always addition at the 
ethylenic linkage, when diphenyl ether is used, only replacement of 
halogen occurs: 

CiHiCH : CIICOCl O ■ CtH. + Airu. c«,h,qh . cHCOCdhOCill. + ‘ 


Ring closure during Friedel-Crafts reaction of unsaturated acid rhlu- 
rides with phenols or phenol ethers has been intensively investigated by 
von Auwers and his co-workers It was found that by the action of 
orotonyl chloride on p-cresol methyl ether even in the presence of 2 moles 
of aluminum chlonde, no ring closure occurred; there was secured o-pro- 
penyl p-cresyl ketone, 


niK P KoUar, Q L. nsitoce, slid M. C Burnley, Am. Chm J. 44, N-Tt (IIIO). C Z. I’'"' 
H, 8TD*573 

iu A. MeKouSe mad F. Barrow, /. Chrm Bor . 119, M-76 (1991), ^ 

u«K. von Auwvi and E. Lamiikn'hirt. Ann, il, 1-59 (i&); K. vrm Auwers sod H. ^ 
iM, M-B6. K, vott Auwsn uid R. Ml, ibid, BB-109. K. von Auwen, »btd, 108-119 
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OClii 

CO , cn : cn . chi 


CH« 

Reaction of 7 )-crpsol methyl ether with jff^jS-dimethyl acrylic acid chlo- 
ride yields o-isobutenyl p-cresyl ketone. Here, too, addition does not 
occur at the double bond. 3,5-Xylenol methyl ether with crotonyl chlo- 
ride g;iveB 2,5,7-trimethylchromanone; 

THi o 

II 

Lh 

Here ring closure occurs with intermediate saponification of the meth- 
nxy- group, and addition of the hydroxy- group at the double bond of 
the intermediately formed unsaturated ketone. An analogous condensa- 
tion occurs when /8,/3-dimcthylacrylyl chloride is substituted for crotonyl 
chloride, the product secured being 2,2,5,7-tetramethylchromanone: 


CHi o 



Reactions of unsaturated acid chlorides with aromatic compounds 
have also been discussed in the section dealing with ketone synthesis.* 

Reversibility of the Friedel-Crafts Reaction with Olefins 
.HAV iNu Conjugated Double Bonds 

Reaction of benzalquinaldinc with benzene in presence of aluminum 
chloride takes the expected course, with production of a-benzohydryl- 
quinaldine 


CHi 



CHicn : rnroci + Aich 


OCHa 




CiHi + AlCIa^ 


CII : CH . CeHs 



CiHi 

CtHi 


l^ith p-chlorobenzalquinaldinc, however, the reaction takes an anoma- 
ous course, for here, the chlorine-free a-benzohydrylquinaldine is formed. 
The same product was also secured with p- or m-bromobenzalquinaldine. 
that removal of halogen was not due to the action of aluminum chloride 


4> 

lu 


212, 242 Bad 248. 
HoViiuim. M. W, Fwlow, uu 


and R 


C. Fii«on. /. Am. Chem. Soe , 55, 5000-2004 (1038). 
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alone was shown by the fact that p-chlorobenzalquinaldine was not sensi- 
tive to the action of aluminum chloride. Further investigation showed 
that during the reaction the entire halnphonyl radical is replaced by an 
unsubstituted phenyl group. Experiments with p-bromobenzalquinaldinc 
revealed bromobenzene as a reaction product. The course of the conden- 
sation is reversible; 





+ C.H.Hr 




f r.H, 



'V 



Analogously, it has been shown that benzallcpidine and p-chloro- 
benzallepidine react with benzene in the presence of aluminum chloiidi 
and hydrogen chloride to give «-benzuhydryllepidine.'^® The same course 
was taken in the reaction of o- or p-chlorocinnamic acid with benzene oi 
chlorobenzene. In each case cleavage of a halophenyl from the primary 
condensation product occurred. A reversible reaction was also found to 
occur with substituted benzalacctophenones Benzalacetophenones in 
which the substituent (X) was o-, in’-, or p-chlorine, m- or p-bromine, or 
p-methyl were found to react with benzene, aluminum chloride, and 
hydrogen chloride to give one product, j3,/l7-dipheny]propiophenonc: 


+ C.H. (C.Ha).CHCH.COC«H. 

XCeHiCH : CHCX>C,H. 

+ CfHiCl 5=± [aC.H4laCHCH>rOCaH. 


Condensation of chlorobenzene with benzalacctophenones of the same tyjjc 
also gave one product, )9,/9-bis(p-chlorophenyl)propiophenone. The rcvci- 
sibility of the reaction was further substantiated by the fact that treat- 
m^t of /9,)3-biB(p-chlorophpnyl)propiophenone with benzene and alu- 
minum chloride gave a 30 per cent yield of jS,/ 3 -diphenylpropiophcnonc' 


fist t E jssw i-kSte*- ft.’sar.rt .« - 

“»J. T. EatM, D. B. BlaA, and B. C. Fiinn, /. An. Chtm, Bat, H. 80-111 (!«)• 
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/ 3 ,) 9 -l>iarylcarbonyl compounds of the type (Ar) 2 CHCH 2 CO- were 
also found to be interconvertible according to the equation: 

(Ar).CHCH.CO- + 2Ar'H - (ArOiCHCH.CO- + 2ArH 

This was shown with ff-(ben 2 ohydryl)pinBcolones. In the presence of 
hydrogen chloride, benzene reacts with benzal-, p-chlorobenzal-, or 
o-chlorobenzalpinacolone to yield a-(benzohydryl)pinBcoIone. With 
chlorobenzene instead of benzene the product in each case is a-(p;p'-di- 
chlorobenzohydryOpinacolone. That the reaction is reversible is evident 
from the fact that under the same conditions chlorobenzene converts 
a- (benzohydryl) pinacolone into a- (p,p'-dichlorobenzohydryl) pinacolone, 
and that the latter is changed to the former when benzene replaces chloro- 
benzene in the reaction mixture 


y' \ 

('•IlaCr * ^ ^CbHbC’I 

UH5( II ; UIICXK (CHj), VACbIUVH : ( llC()(VUHa). 

Callsv xCaHi 

\ ^ 

(CiH.),CHCHbCO('(CHbJ, 


The reversibility of the Friedel-Crafts reaction in the case of addition 
of aromatic compounds to an olefinic linkage which is conjugated with a 
carbonyl group was further domonstratod in the conversion of benzal- 
acetonc- or its p-methyl or p-chloro- derivatives by treatment with ben- 
zene in the presence of aluminum chloride into benzohydrylacetone in 
yields of 59, 92, and 68 per cent, respectively. 


^■O -CH CHCOCIIi 

Benzohydrylacetones, dibcnzalacetones, and benzohydrylmethyl styryl 
ketones were similarly transformed into the corresponding unsubstituted 
benzohydryl compounds. In these reactions, intermediate products were 
isolated.'^® 

Reversible reaction together with hydrogenation occurs in. reactions 
effected with l,l-diaryl-2-acylcthylenes.^®® The ketones are hydroge- 
nated to the corresponding saturated diaryl ketones: 


{At)^ : CHCOR 


CiHi + 4iris^ 


(Ar)iCHCHaCOR 


Hydrogenation of this type was found to occur upon treatment of 
^'(p-chlorophenyl) cinnamic acid or l,l-bis(p-chlnrophenyl)-2-benzoyl- 
rthylene with benzene and aluminum chloride. The products were 
^>^-diphenylpropionic acid or flc-benzohydrylneelophenone, respectively. 

f' O-.T. Borihsrdt. and R. O. Fu»on, Am, (Jhem, 

L, AlttMdtr, At L. JMoby, anil R. C. Fuaoti, /. Am. Vhem. Sve., 87, 2108-8309 (1988)t 
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Hydrogenation waa also observed in the conversion of l,l-diphenyl-2- 
bmioylethylene and l,l-dipbenyI-2-trimethylacety]ethyIene into a-ben- 
sohydrylaoetophenone and a-benzohydrylpinacolone, respectively. That 
exchange of an aryl group also occurs is shown in the conversion of stil- 
bene, p-bromostilbene, and p,p'-dicbloro8tiIbene into bibenzyl, according 
to the general reaction: 

XC,H 4 CH : CHCJI 4 X + 2C.Hi + 2R C.H.CH,CH.C.H, + 2C.H,X 

A 70 per cent yield of bibenzyl was secured from p^p'-dichlorostilbene 
Bibenzyl, in the indicated yields also has been secured by treatment 
of the following ethylene and acetylene derivatives with benzene, alu- 
minum chloride, and hydrogen chloride : 

Mmterul tratad % yield of bibeniyl 


Tolane 

32 

TnphenyJeihylene 

28 

l,l-Bis(p-chlorophen> 1)- 


2-phenylethyleiie 

27 

14,^Tn|^enylethanc 

57 

OF^Tetrophenylethane 

54 


The formation of bibenzyl by the action of benzene and aluininuiii 
chloride has been described as a general phenomenon for acetylene and 
ethylene derivatives in which each carbon atom bears at least one aryl 
group, and for similarly constituted tri- and tctraarylcthanes The addi- 
tion of hydrogen to the double bond is obviously irreversible, whereas 
the addition of aromatic hydrocarbons is reversible. 

Addition of benzene at the double bond occurs upon boiling diplicnyl- 
indone with 2 moles of alummum chloride 111 an execs') of benzene . 



2,3,3'Triphenylhydrindone is thus secured in excellent yield.*“ That tlie 
reaction occurs through reversible addition was shown by the fact that 
2,3,3-tnphenylhydrindone may also be obtained from 2-plienyl-3-p-tolyl- 
indone, benzene, and aluminum chloride in a similar yield. 


Intoamoleculab Ring CiobuBB or Abylalkyl 
UNaATUBATED COMPOUNDS 

Isomerization of alicyclic olefins having arylalkyl substituents adja- 
cent to the double bond occurs upon treatment with aluminum chloride 
to give ring closure by addition of the aromatic residue at the double 
bond of the aliryelic olefin; 


1 li. L. Alnutder mid R C. Fiuon, J Afn Chem, Soe , 56, 1745-1747 (1936) 
>0. F. KimImIi, Org. CAdm, 3. 466-401 (1068). 
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Ht 

I 

/C\ 


llaC CM2 



Ha 



The eyclization sliown above has been effected by adding 4 g of aluminum 
chloride to a solution of 2.8 g of l-)9-phenylethyl-A'-cyclohexene in 30 cc 
of carbon disulfide and allowing the mixture to stand for 24 hours. There 
wah obtained 1.4 g of l,2,3,4i9,10,ll,12-octahydrophenanthrene.“® Mild 
conditions suffire for the eyclization of l-(iff-l'-naphthylethyl)-A^-cyclo- 
licntene to l,2-cyclopentano-l,2,3,4-tetrahydrophenanthrene 


Hit Ha 

I I 

/C\yC\ 
HjC C cila 

^ i II I 

QA|HC— CHa 


Ha Ha 

I I 

✓ Cs^ C\ 
HaC C-H CHt 

I I 

C CDa 

I 

H 



Treatment of 36 g of l()8-r-naphthylethyl)-A^-cyclohcxene in 350 cc of 
carbon disulfide with 42 g of aluminum chloride with cooling gives 7,8-di- 
hydrophcnalyl-7-spirocyclohexane : 


Ha Ha 

I 


Clla 


-Cs / \ 

HaC C CHa 

^C—C^ I 

Ha IT 



Airij 


Ha 

Ha Ha I 

I I / \ 

c\ / \ 

HaC C Clla 

Sc — 

I I . 


na Ua 



3-^-Phenylethylindene shows considerable resistance to eyclization, for 
only a small yield of tetrahydrochrysofluorene is secured by treatment 
with aluminum chloride 




9®*4 “4 C. L. Hpwrtt, /. Ckem. Soc. 1008-1111 (1083). J. W. Cook uid G. A. D. 
Soe„ T07-770 (lOM). 

** j' w' S' Howitt, loo. ml. rt i nm 

“"J- w. Cook ftnd C. L. Hewotil /. Chmn. 5oo.. 8M-377 (1084); C. A.. 28, 8413. 
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Ring closure of 2-)ff-plipnyletliyl-A--nctalm yields dodecahydro-l ^-benz- 
anthracene 


\u 


Ha 


Us 


Ha 


C H C 

/ \l/ \ 

HiC c rn 


\ 


r 


Ain, 


ii^r r r riii 

\ /l\ / \ X 
cue r 


c H c H 

/ \l/ \l 

iisr G c 

I I 

JIaC r r Clla 

\ /1\ /l\/ 

r H C H c 



Hi 


Ha 


Ha 


III 


Ha 


Cychzation of 2-methyl- (/8-r-acenaphthylethyl)- A’ -cyclohexene gives an 
inseparable mixture of hydrocarbons, one of which is considered to be 
the spiran 



Since the presence of the methyl group in cyclohexenc interfered with 
six-membered nng closure, the effect of the methyl group on cychzation 
of 2-methyl- (^-r-naphthylethyl)-A^-cyclohexene was investigated In 
this ease, six-membered ring closure \^as secured, the product being 
methyloctahydrochrysene : 


III Hi 


Ilf Hi 


HiC 


^C\ 



CHi 

II I 

C THi 

l\ / 

CHiC 


AlCli. 


H» 


r n c 

/\l/ \ 

HiC C CHi 


C GHi 



CHa 


Accordmg to Bergmann and Blum-Bergmann/*^ aluminim chlondf- 
cycliaation of l-(/ 9 - 9 '-phenanthrylethyl)-A^-cyclopentene givea tetra- 

hydrocyclopentanotriphenylene : 


“J. W. Omh, O. A. D. HuImxmnI, and A M fiobiMon, J. C/» aw.. Bg.. (1«*) 

w E. Btrimuiii Bnd 0. Blum -Bergmann, / Am Chem Soc , ^ |g7B*l68l (IBBI) 
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More recently, however, Hewetb has found that the analogous cyclo- 
hexcnc compound, l-(/9-9'-phenanthrylethyl)-A^-cyclohexcne cyclizes to 
give the spiran, probably dihydrobenzophenanthrenespirocyclohexane: 



Hewett suggests that the compound secured by Bergmann and Blum- 
Bergmann is likewise a spiran. 

Attempts to cyclize l-benzyl-A'-cyclohexene by treatment with alu- 
minum chloride leads mainly to polymerization. Under like conditions, 
however, treatment of the substituted benzylcyclohexenes of the type 


Hi 111 

I I 

c ^ II 

NC<“ 

II ^ (H -H or isopropyl) 

C C-Hi 

c/ 

I 

Hi 

CHi 

with aluminum chloride at 0° gives good yields of corresponding hydro- 
flu orene derivatives *** : 
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Hi Hi 



A spiran is secured in the cyclization of l-(u-biphcnyl)-A^-cyclopcn- 
tene 



Cook and Hewett have been unable to cyclize phenylacctylcyrlo- 
hexene to hexahydrophenanthrene, and they have attributed tlicir failuic 
to the inhibiting influence of the conjugated carbonyl group on the activ- 
ity of the ethylenic bond. Ncnitzescu and Gavat advance the forma- 
tion of a hypothetical chloro- compound formed by the action of alumi- 
num chloride on the unsaturated ketone, probably according to 


Hi 


III 


c 

/\ 

HC CHi 

II I 

CHi . C(>— C CU» 

\/ 

c 

I 

Hi 


Cl 

(j^'l 

\/ CHi . CO— U CHi 

f\/ 

H C 

Hi 


Such a chloro- compound should yield 


Hi 

I 

llaC Clli 
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The failure to eecure ring closure of this type has been suggested by 
Nenitsescu and Gavat to be due to a migration of the chlorine in the 
intermediate compound, similar to that observed by these investigators 
in the conversion of l'chloro-2-acetyIcyclohcxane into 5-chloro-2-acetyl- 
cyclohexane during reaction of the former with benzene in presence of 
aluminum chloride. Halogen migration during attempted ring closure of 
phcnylacetylcyclohexene would thus inhibit expected cyclization. Cohen 
and Cook were unable to accept such an explanation of their failure 
to effect the ring closure; for if it were correct, it would be necessary 
further to postulate a reversible migration to account for the isolation of 
unchanged ketone after treatment with aluminum chloride. That the 
conjugated carbonyl group exerted a suppression of anionoid reactivity 
of an ethylenic linkage was further demonstrated by the fact that neither 
2-;3-phenethyl-A“-cyclohexenone (I) or 2(^-r-naphthylethyl)-A®-cyclo- 
pent^one (II) could be cyclized even by drastic treatment with alumi- 
num chloride or sulfuric acid: 

Hi 

I 

DiC CHi 

I I 

Hc r=o 
/CHt 



Hi O 

H» I II 
I c c 



(I) (II) 

Harper *** has reported that ketone (II) resists cyclization by phos- 
phorus pentoxide. 

Unsaturated arylalkyl ketones having several alkyl substituents in 
the nucleus undergo cyclization upon treatment with aluminum chloride. 
Thus, ] 4-dimcthyl-3-crotonylbenzene yields 3,4,7-trimethyl-a-hydrin- 
done: 



Clli o 


According to von Auwers and Risse,^^® who report the above reaction, 
ring closure of unsaturated arylalkyl ketones is inhibited when there is 
present a methyl group in the position meta~ to the hydrogen of the ben- 


W. Cook, /. Hot., IffTO-lwl (1885). 

v’ C/iem. Soc., l«n flMT). 

V. Auwfrs and E. Hum, Ann., 502, 282-298 (1983). 
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Mse ring which le to be displaced upon ring closure. The influence of (hr 

BUty] su^tuent upon the loosening of the hydrogen atom which is to be 
displaced is pven: 



Thus^ when lr3-diinethyl-6-crotonyll>enzenei 


CHiCH : CHCO 


CHi 

A 


CHa 


18 heated with aluminum chloiide, the main reaction appears to be one 
of polymeneation rather than of ring closure Here the hydrogen dots 
not become labile because of the retarding effect of the methyl groups in 
m- position. 

Chalconcs with activating methyl substitucnU may likewise undergo 
hydrind^n*™ *''®'‘®™®^**yJchBlcone yields 4,7-dimethyl-3-phenyl-3- 


CHi CtHi 

I 

rii 

II 

c/cri 

II 

CHi 0 


C.H. 

I — <!:-h 

I II 

CHi 0 


The rearrangement of p-cresyl crotonate by treatment with aluminum 
chloride results in formation of 3,4-dimethyl-7-hydroxyhydrindone 


H 

I 

CHi-C— CH i 

C"*' jl,p„ CHisA^^ 

OOC CII-CH.rHi \/^OH 

Here a Fnes rearrangement ocrurs with intermediate formation of unsatu- 
rated ketone, and ring closure occurs by addition at the double bond 
^ Cyclixation of ^*l-naphthoylacrylic arid is claimed to proceed arc oid- 
mg to the following scheme, the resulting acid melting at 186-187®: 

V. Atiwen iIkI E Lammerburt, Ann , 421| 1*N (inO), 
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j9-Acenaphthoylacrylic acid similarly undergoes cyclization.^^'^ 

The production of 3-phenyl-peri-naphthindone, m.p, 151-152°, has 
been reported by cyclization of 1-cinnamoylnaphthalcne with aluminum 
ihluride in carbon disulfide, probably according to the reaction 


CaHi H 111 



The ring closure is claimed to be general with unsaturated ketones of the 
general formula, I-CioHtCOCR.CRiRo where R, Rj, and R 2 arc hydro- 
gen or aryl residues. 


Addition to AavLOLYrour Acids ok Aldehydes 

Fluorene carboxylic arids may be prepared by condensation of aryl- 
glycolic acids with benzene and aluminum chloride. Benzoylformic acid 
adds to benzene to yield benzilic acid, which during the reaction loses 
1 mole of water to form fluorene-9-carboxylic acid: 


0 

\/^CO . COOH 


4 


(. 11 . 



c 

\COOH 


Upon heating 6 g of benzoylformic acid with 140 cc of benzene and 12 g 
pf aluminum chloride for two hours about 1 g of fluorene carboxylic acid 
IS secured. When toluene is substituted for benzene in the above reaction, 
a slightly better yield of p-methylfluorenecarboxylic acid is secured.^®® 
Arylglyoxals add to aromatic compounds in the presence of aluminum 
t^hloride to give mixed benzoins, according to the general equation: 


ROaCHO + R'll 


AIC1.1 


Rt:OCH(OU)R' 


lo I u.; Hut. Chrm SW (ISM) 

2475. <1M6) to Q. KAliMclit-r, E. Uonold, biiiI H. Uieiinu (U» 1. Q.); C. 

‘"D. VoriawaB,. uid A. VritHchr, Her., M, ITM-ITM (!»«). 


A., 24, 
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Fuson BQd his co-workers first reported the reaction as a convenient 
method for the preparation of 2',4',6'-trunethylbenEoin. Upon addition, 
during two hours with stirring, of 17.6 g of mesitylglyoxal dissolved in 
100 CO of bensene, and subsequent stirring of the reaction mixture for five 
hours at room temperature, there was obtained 16.1 g of crude 2',4',6'- 
tiimethylbenaoin, m.p. 07-90°. The method was later assumed to be 
of general applicability, the following benzoins being secured by reaction 
of the appropriate aiylglyoxal and aromatic compound at 0° with alu- 
minum chloride under the indicated reaction conditions: 


Benzoin 

m.p. CC) 

^ Yield 

Time (lin) 

Sol\ ent 

CACOC(OH)HCA 

133 

DO 

20 

CaHs 

CJLCOC(OH)HCAOCH. 

100 

48 

5 


CJi^(X:(OH)HCi.HT 

128 

42 

15 

c& 

CACOC(OH)HCACl 

116 

84 

15 

CSz 

C1CAOOC(OH)HCJ1. 

90-01 

35 

15 

C.H. 

CACOC(OH)HCA(CH.). 

03.5-B4 

62 

5 

CS, 

(ch.).c;h.coc(oh)hc;h. 

102-103 

63 

7 

CJl. 

BtCACOCCOHlHCtH. 

108-100 

70 

15 

Cells 

CJS.£X)C(OH)HCJl<Br 

125-126 

67 

15 

CbHbBi 

CAlCOC(OH)HCACH. 

116 

50 

15 

CSb 

CH.GAC(X!(OH)HGA 

no 

42 

15 

CS, 


In all cases each reaction yielded only one benzoin. 

Subsequent investigation, however, has shown that steric hindrance 
prevents condensation of mesitylglyoxal with some tri- and tetra-substi- 
tuted aromatic hydrocarbons. Reaction of benzene, toluene, m-xylene, or 
mesitylene with mesitylglyoxal and aluminum chloride in carbon disul- 
fide solution gave 57, 24, 17, and 40 per cent yields of the corresponding 
benzoins, respectively. In the reaction with m-xylene, a 34 per cent yield 
of 2,4,6-trimethylbenzoyl-biB(2,4-dimethylphenyl)methane, produced by 
reaction of the primarily formed benzoin with additional m-xylene, was 
also obtained. If, instead of carbon disulfide, an excess of m-xylene was 
used as diluent, the only reaction product was the diarylaroylmethane. 
Reaction could not be effected with mesitylglyoxal and 1 , 3 , 5 -triethylben- 
zene, durene, or isodurene. The more active 3,5-dimethylanisole or 3,5- 
dimetbylphenetole, however, reacted very readily, with production of 
substitute diphenylbenzoylmethanes even in carbon disulfide solution 

RnacnoN of Lactones ano Phthaudes with 
Abomatic Hydbocabbons 

Addition of benzene to lactones of aliphatic monocarboxylic acids 
generally results in formation of aralkyl acids. 

"•B. C. naon, H. H. Wnortook, Jr., ind O. K. Uilvul, /. Am Chan. Sar., 57, JM-ISM (1*35) 

>»». T. Anwid Biid R. a Fimm. J Am. Chan. Soc.. 51, IW-llM (IIM). . 

>"B. C. Fomo, W. S. HknaacM. ud H. H. Wnnrtoek, Jr., J. Am. Chtm. Boe., 51. 4M-4U (W'J- 
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#0 

HiO C ^ JUCU HiO— coon 

IIiC— CH UiO— Cll . CiHi 

CHi CBi 

y-meihylbutyTolactone y-methylrif^phenylbutyTiG acid 

The reaction is similar to the synthesis of keto- acids from phthalic 
anhydride. It has been extensively studied by Eijkman, who secured 
y-methyl-y-phenylbutyric acid by reacting 30 g of y-methylbutyrolactone 
with 60 g of benzene and 50 g of aluminum chloride. This investigator 
reports the following preparations: 
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Addition of benzene to y-acctoxy-y-valerolactone in presence of 
3 molecular equivalents of aluminum chloride at 45-50° results in 
60 per cent yield of phenacylacetone 
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I ^0 CaH, + AICU^ CHi . CO . CTTaCHa . COCiHi 
HiO— C 

CHiCOO'' '^CHi 
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Only a very small amount of the expected diphenylvaleric acid wa<i 
secured. Obviouslv rrartion Imd occurred primarily with formation of 
the normal acid chloride, CH,(X).OHs(’nsCX)Cl. 

The condensation of phthalide with bonsene in presence of al u mi n um 
chloride gives a 50 per cent yield of o-benzylbensoic acid 

Hi 


With napbthaleDe in carbon disulfide solution, the product is 2-()3-napli- 
thylmethyl) benzoic acid, obtained in only a small yield If the reaction is 
effected in benzene solution, no reaction with naphthalene takes place, 
preferential addition with only benzene occurring Coumarin and ben- 
zene with aluminum chloride gives only a small amount of j9-phenyl- 
B,^'dihydrocoumarin, mp. 82°. Here addition occurs only at the double 
bondj with no rupture of the couinaiin ring Addition to the double bond 
also occurred upon similar treatment of coumaiilic acid 

The production of alkylar> 1 carboxylic acuK by reaction of phthalide 
or chloro- or nitrophthalide, with toluene in the presence of aluniinuiu 
chloride is claimed by Jaeger and Daniels 

In 1886, Gresly reacted phcnylphthalide v^ith benzene in the pres- 
ence of aluminum chloride and secured 2- (diphenylmethyl) benzoic acid 

H 

. (CiHdj* 


Addition of benzene to p-tolylphthalide was stated to occur analogously j 
with production of 2- (p-tolylphenylmethyl) benzoic acid, m.p. 164-155° 
Acooi^ng to Guyot,'^’' however, the reaction product is really 2-(di- 
phenylmethyl) benzoic acid. Guyot prepared 2 -(p-tolyIphenylmethyl)- 
benzoic acid (m.p. 172°) by addition of toluene to phenylphthalide in thr 
presence of aluminum chloride. 

It has been reported that addition of benzene to diphenylphthalide m 
presence of aluminum chloride cannot be effected.^** 

Attempts have been made to extend the reaction to organic compounds 
of nitrogen and of sulfur. According to Jephcott,‘“ phenylpyridophthal- 
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u\v anil bei«enc givea a 25-30 per cent yield of o-(dipheny1tnethyl)pico- 
linic acid, 


II 



Rrrently, O'Brochta and lAiwy reported the production of thiodiphenyl 
phi halide by reaction of diphenyldiphthalidyl aulfide with benzene and 
nluminum chloride; 
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Addition of Acetylene to Aromatic Compounds 


In 1887, Varet and Vienne reported that by passing a current of 
acetylene for five hours per day during 10 days into a mixture consisting 
of 200 g of benzene and 50 g of aluminum chloride, a product consisting 
of 80 parts of styrene (b.p. 143-145°), 15 parts of diphcnylethane (b.p. 
265-270°), and 5 parts of bibenzyl (b.p. 280-286°! was secured. Reaction 
was effected by gently heating the liquid only at the beginning of each 
treatment; afterwards the heat developed by the reaction itself was 
sufficient. 

The reaction of nascent acetylene with benzene in the presence of 
aluminum chloride has been studied by Parone.*'^^ To a layer of water 
about 1 cm in height, there was added 50 g of crystallized benzene (b.p. 
80-81°), and to this calcium carbide was carefully added in such a man- 
ner that it did not remain in contact with the benzene. As soon as the 
first bubbles of acetylene had appeared, aluminum chloride was added. 
The reaction was allowed to continue for several days, during which time 
the water, the aluminum chloride, and the calcium chloride were fre- 
quently renewed. At the end of the reaction the upper layer was washed 
with water, filtered, and distilled over lime. The distillate was separated 
into the following fractions; 

80 - 100 *^ 

100 - 136 ” 

135 - 145 ” 

145 - 150 ” 

150 - 250 ” 

250 - 300 ” 

300 - 360 ” 
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Besides the unchanged benzene, ethylbenzene as the main product, 
together with styronc, bibenzyl, and anthracene, were Bccured. 

The condensation of aretylcnc with benzene and its derivatives in thr 
presence of nluiniiiinn chloride was subsequently studied by Cook and 
Chambers.^**® In spite of the fact that the experimental procedure of 
Varet and Vienne was followed as closely as possible, these investigators 
could not duplicate the results. Only traces of styrene were secured 
Tliey found the normal course of the reaction of acetylene with benzene 
to consist in tho union of 2 moles of benzene with 1 mole of acetylene Id 
form diphenylethane, 

2CJI. + CH i CH C.H.CH, . ClliCjr. 

and subsequent reartion of the diphenylethane with more acetylene to 
yield anthracene. Formation of products with ethylenic double bonds 
did not occur in reactions with toluene or with chlorobenzene. Phenol, 
methyl benzoate, and aniline, united with the aluminum chloride in 
molecular proportions, and did not react further. No reaction occurred 
with nitrobenzene, acetylene, and aluminum chloride. 

The action of acetylene on benzene in presence of aluminum chloride 
was further studied by Boeseken and Adler.’** Experiments carried out 
with an Al-HgCla catalyst gave a small quantity of an oil (b.p. 265- 
285°/760 mm), which bcliaved like the reaction product described bv 
Cook and Chambers.'** With aluminum chloride prepared from alumi- 
num and hydrogen chloride, the reaction was very slow. An active cata- 
lyst was secured only from aluminum and dry chlorine. On passing 
acetylene at about 20° during five hours through a mixture of 110 cc of 
benzene and 30 g of aluminum chloride, they obtained a reaction product 
consisting of 50 cc of benzene and 65 g of a bright-yellow powder, insol- 
uble in all solvents, having the composition (CH)». By distilling the 
powder in cathode vacuum at 310°, a .small amount of styrene was 
secured. Styrene, however, docs not form either a polymerization or a 
depolymerization product which corres]>onds to the product, (CII))ii 
obtained. Boeseken and Adler conclude that under the influence of the 
aluminum chloride a molecular compound, CkHs, is formed. This was 
given the name protostyrene. By distillation in high vacuum of this 
compound, some styrene was recovered. In order to determine if the 
compound (CH), were merely a polymerization product of acetylene, 
attempts were made to polyraerize acetylene by aluminum chloride 
in other solvents, but these were unsuccessful. The triple-bonded acety- 
lene was obviously more difficultly polymerized than the product securea 
from benzene and acetylene. In this connection it is of interest that 
Berthelot '** has reported that the thermal polymerization of acetylene 
yields a liquid which contains 20 per cent of styrene, and that polymer- 
ization products of acetylene, resembling cuprene, have been clamu' 

•■0. W. Cook uid V. J. Chambn, J. Am. Chm. Boe., 43. SS4.H0 (IKl); C. A.. 15, 1535. 
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w M. Balhelot, Ann , 141, in-lM (1857). 
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to be formed upon passing acetylene at 90*’ through a mixture of ben- 
zene and aluminum chloride.^*’^ When Boeseken and Adler reacted 
acetylene with chlorobenzene and aluminum chloride, polychlorostyrene 
was secured. Since chlorobenzene is less reactive than benzene, proto- 
chlorostyrcne, the initial product of the condensation, probably had time 
to pass into chlorostyrcnc, which then condensed further to polychloro- 
Btyrenes. The reaction product secured from chlorobenzene, therefore, 
was soluble in organic solvents, was of low molecular weight, and gave 
no chlorostyrcne upon distillation. 

The temperature of reaction has been shown to have a great influence 
on the reaction of acetylene with benzene in the presence of aluminum 
chloride.^^*’ Lower temperatures give less oily and resinous substances 
and more insoluble solids. At higher temperatures no insoluble solids arc 
formed, the product consisting of oily compounds and soluble resins. 
Reaction at higher temperatures and stopping at an intermediate stage 
gives mostly oily products. These were found to consist of alkylated 
benzenes and various arylated parafiBns. 

It has been reported that acetylene does not appear to react with 
naphthalene at 100-200^ in the presence of aluminum chloride. 

Addition of phenyldichloroarsine to acetylene in the presence of alu> 
mmum chloride leads to production of a mixture of ^-chlorovinylphenyl- 
chloroarsine, /8,j8'-dichlorodivinylphenylarsine, and jS-chlorovinyldiphenyl- 
arsine.^®® The entire reaction probably proceeds as follows; 

4C.H. . AbCI. + 40H • ClI C'.ll. . AbCl . CH : CIICI + 

C.II, . A«(CH : CHCl). + (C.U.).A8 . UU : CUCl + AiCb 

Alkylation of Aromatic Hydrocarbons with 
Paraitins and Uyclopahaffins 

When paraffins of more than four carbon atoms arc reacted with aro- 
matic hydrocarbons in the presence of aluminum chloride, cleavage of the 
paraffin with subsequent addition of the cleaved fragment to the aromatic 
hydrocarbons occurs. 2,2,4-Trimethylpentane reacts readily with ben- 
zene in the presence of aluminum chloride and hydrogen chloride at 
25-50° during about four hours under ordinary pressure to first give 
ftrt-butylbenzene and isobutane, which then react with each other to give 
di-^crt-butylbenzcne.^®® The reaction has been shown to be applicable 
to a number of paraffinic hydrocarbons ranging from pentanes to n-hexa- 
decane.^®® 
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The meohanism assumed for the reaction is as follows: 

(o) RH' + HCl RCl + R'H 

(b) RCl + ArH ArH + UCl 

The course of the reaction with the individual paraffins was found to 
depend upon the manner in which the paraffin decomposes. 2^,3-Tri- 
methylpentane, like 2^,4-trimethylpentane noted above, is ruptured at 
only one point. Both hydrocarbons react with benzene to yield teri- 
butylbensene, 24i,3-trimethylpentBne reacting according to the srhciue 

CHi 

(CH«). . c . i:H . CH. . CH. + cai. call. + c.h.c(Ch.). 

When 28.5 g of 2,2,3-trimethylpentane were reacted with 39 g of hcnzciiL 
in the presence of 3.33 g of aluminum chloride and 0.4 g of hydrogen 
chloride, 5.7 g of fert-butylbenzene and 11.5 g of isobutane were obtained 
That the total weight of the upper layer of the reaction mixture wab 
46.1 g indicates, however, that side-reactions predominate. 

With the normal and simple isoparaffins, splitting may occur at vari- 
ous points along the chain, thus yielding Ca, C^, Cb, and Ce paraffins and 
the corresponding alkylated benzenes. This fact, coupled with siicli 
side-reactions as isomerization, inlcnnolecular transfer of alkyl groupb, 
and the disruptive effect of aluminum chloride on benzene itself, results 
in a great variety of reaction products. Reactions of n-pentane, iso- 
pentane, n-hexanc, 2-methylpentane, and n-heptane with benzene were 
effected in sealed tubes at 125 to 175° for eiglit hours. With n-octanc, 
n-decane, and hexadecane, maximum pressures of 10.5, 8, and 4.5 atmos- 
pheres were used, and reaction was effected at 125° for ten, twenty-three, 
and eight hours, respectively. 2,2,3-Trimethylpentane was reacted at 
ordinary pressure for eleven hours at 80-90°. It was indicated that con- 
ditions necessary for reaction of ethane, propane, or butane were so dras- 
tic that the benzene nucleus was disrupted. 

Since 2,2,4-trimethylpentane reacts with benzene under mild con- 
ditions,^”* an investigation of its behavior with other aromatic hydro- 
carbons in presence of aluminum chloride and hydrogen chloride was 
madc.^*^ Reaction effected with toluene at ordinary pressure in presence 
of catalytic amounts of aluminum chloride on a water-bath for eight 
hours, during which time a continuous stream of dry hydrogen chloride 
was introduced into the reaction mixture, gave a 35 per cent yield o> 
mono-tert-butyltoluenes, based on the paraffin reacting. With biphenyl, 
the reaction proceeded much more readily; here, too, a yield of approxi- 
mately 35 per cent of mono-7>-/crf-butylbiplienyle was secured. Reaction 
with ethylbenzene and p-xylenc was complicated by migration of tin 

»A. v. OroM, J. M. Mavity, mil V. N. Ipatieff, /. Orp. CAem., 1, 44S-4H (IM)- 
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ethyl and methyl groups, yielding polyethyl and polymethylbenzeneK. 
Fluorene condensed with itself to give bifltinrenyl, but that the paraffin 
was involved in the reaetion was shown by the fart that isobtitane was a 
by-product. No alkylation occurred with either naphthalene or pyrene, 
the paraffin being recovered substantially imchanged. 

Cycloparaffins react with aromatic hydrocarbons in the presence of 
iiluminum chloride by primary cleavage of the cycloalkane ring and 
hiibsrquent addition of the resulting chain to the aromatic hydrocarbon.^**^* 
hlase of reaction, therefore, depends upon the comparative instability of 
the individual cycloparaffin. Since scission of the cyclopropane ring 
occurs readily, the reaction 

K\C\b 

I Clf, + C.TI.H CbH. . CH. . CH,CH3 

proceeds easily at temperatures of even below 0°. The only products are 
w-propylbenzene, and higher r?-propylbenzenes formed by subsequent 
alkylation of the primary product. Isomerization of the alkyl group does 
not occur during reaction; the completely alkylated product was hexa-n- 
propylbenzene. From an experiment in which 42 g of cyclopropane was 
added to 175 g of benzene containing 8.75 g of aluminum chloride and 
0.8 g of hydrogen chloride during five hours at -h5® to 0®, the following 
firortucts were isolated: 

n -propylbenzene 74 a g 

dipropylbenzenes 11.1 g 

higher liquid propylbenzenrs 2.1 g 

hexa-Ti-propylbenzenc 4,0 g 

The absence of isomerization in the reaction of cycloalkanes with 
benzene has been explained by the primary formation of difficultly isomer- 
ized alkylaluminum tetrachlorides from HAlCb, the addition product of 
aluminum chloride and hydrogen chloride’"’*: 

cn.>, 

I CHi + HAlCh — ► CH, . CH. . CH, , Cl.MCl, 

CH,^ 

CH, . CH,ri . AlCl, + C.H. — ► CiH, . CII, . CII, . CH, + H.MCh 


Cyclopropane with w-xylene and aluminum chloride gives a 40 per 
^'cnt yield of l,3-dimethyl-4-n-propylhenzene. Here the entering alkyl 
group goes into the p-position, whereas in reactions with n- or isopropyl 
fbloride, m-substitution is obtained.’®^ 

The reaction between methylcyclobutaiie and benzene with aluminum 
rhloride and hydrogen chloride proceeds at 25°. Here the reaction prod- 
’’cts are more complex, for the scission of the cycloalkane ring may be 


mt Z: ^ Ilrttwr, /, Org. Ch^., 2, 447-4M (1W7). 
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theoretically effected at four different placefi. Cyclopentane requires 
tempcraturcB of about ISO'’ in order to effect sciBsion of the ring, and at 
this temperature isomerization and dealkylation occur. Some dehydro- 
genation of the cyclopentane takes place also, for one of the reaction 
products was found to be cyclopentylbenzcne.^^^ 

The production of alkylated aromatic hydrocarbons by reaction of 
parafiins or cycloparaffins with aromatic hydrocarbons in the presence 
of aluminum chloride and hydrogen chloride has been covered by a num- 
ber of patents assigned to Universal Oil Products Company.^®® 

Addition of Alkylene Oxider to Aromatic Compounds 

In 1925 it was reported by Schaarschmidt and co-workers ilmt, 
upon introducing two molecular equivalents of ethylene oxide, together 
with gaseous hydrogen chloride, into a mixture consisting of one equiva- 
lent of benzene and one equivalent of aluminum chloride at 10°, they 
secured a 1 per cent yield of ^-phenylethyl alcohol and a 40 per cent 
yield of bibenzyl. Smith and Natelson obtained a 5 per cent yield 
of the alcohol and a 65 per cent yield of bibenzyl by eliminating the use 
of hydrogen chloride and employing an excess of benzene instead of an 
excess of ethylene oxide. Under analogous conditions, bromobenzene 
gave 4,4'-dibromobibenzyl in 70 per cent yield; although no attempt was 
made to isolate the alcohol, its odor was noticed. The reaction appeared 
to be general for olefinic oxides and aromatic hydrocarbons or their 
derivatives, propylene oxide giving with benzene an 8 per cent yield of 
l-phenyl-2-hydroxypropane and a 46 per cent yield of methylbibenzyl. 
According to Smith and Natelson, the course of the reaction proceeds 
through a primary addition of aluminum chloride to the olefinic oxide, 
and condensation of the resulting complex either with one molecule of 
the aromatic component to give the aralkyl alcohol or with two mole- 
cules of the aromatic compound to yield bibenzyl: 


(I) 



— C1.A10CH.CH,C1 > Ol.A 10 CHi,rH.r.H. — » 

— HCI 

IIOCH.CH,C.TT. 


Vf 

(11) — % 


C1.AI0(’II.C1I.C1 




C.Hi . . C.Il. 


The manufacture of alcohols from alkylcne oxides and aromatic, ali- 
cyolic, or aliphatic hydrocarbons in presence of aluminum chloride was 
patented in 1031 by I. G. Farbenindustrie.^** Since then a number of 


U. B. P. (.tSIAM (lUT) lad V. 8. F. IJ04,4U (WT) to V. and A. V- 
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patents have been directed at improvement of the process. Dilution 
of the alkylene oxide with an inert gas and maintenance of the reac- 
tion temperature at 5-10°, and introduction of an aromatic or aliphatic 
amine with the alkylene oxide in order to neutralize the hydrogen 
chloride evolved have been claimed as advontageous.^^^ According to 
another patent/^*’ there is no definite minimum temperature necessary 
10 produce recoverable quantities of phcnylethyl alcohol, although it is 
slated that at 6° the formation of bibenzyl is practically negligible, and 
the yield of the alcohol amounts to 65 per cent of theoretical, based on 
the available ethylene oxide. Carpenter specifies the use of at least 
3.4 parts of aluminum chloride with 1 part of alkylene oxide. The rapid 
removal of the reaction product from the zone ol reaction has been 
claimed to prevent formation of by-pruducts.^*^- 

In a recent patent the presence of a large excess of Friedcl-Crafts 
reactant over the alkylene oxide and the aluminum chloride is stressed. 
Yields of phenylethyl alcohol secured by using a large excess of benzene 
arc contrasted with yields obtained when a lower ratio of the hydro- 
carbon is used: 


Bmceno 

LlIuIoib Oxide 

Yield of rhiiiylplli>l 

(Iba) 

(Ibe) 

Alcohol (ibs) 

1000 

150 

100 

4000 

150 

160 

6000 

150 

226 


The excess of benzene serves to reduce polymerization of ethylene 
oxide; since there is present a large number of molecules of Friedel- 
Crafts reactant per molecule of alkylene oxide, Friedel-Crafts condensa- 
tion is more likely to occur than self-condensation of the olefinic oxide. 
With costly materials, an added Friedel-Crafts reactant may serve as 
diluent and tlie mixture of two alcohols obtained may be subsequently 
separated. Examples of compounds which have been claimed as Friedel- 
Crafts reactants in this process include aromatic compounds such as ben- 
zene, toluene, cymene, naphthalene, chloro- or bromobcnzenc, anisole, 
phenetole, diphenyl ether, bcnzaldehydc, tolualdehyde, acetophenone and 
benzophenone, aliphatic compounds such as hexane, heptane and dodc- 
canc, cycloparoflSns, or heterocyclic compounds such as pyridine, quino- 
Ibic, or thiophene. The alkylene oxides include ethylene, trimeihylcue, 
propylene, and isobutylene oxides. 

In the reaction of 2,2,5,5-tetraraethyltetrahydrofuran with phenol and 
0'luminuni chloride, cyoli-alkylation occurs, with production of 6,5, 8,8- 
h'traniethyl-5,6,7,8-tetrahydro-2-naphthol: 


to Vnlik and I Valik, C A., 28, 1047 

Co to K. H. Klipitain (to E. C. Klipateiii aud Sons Co. to the Culco Cliem. 

ini, J' -A.i 28, 4087. 

U ft B (18M) to M. S. CftTpentor (to Givaudan-DHawanna, Inc ) ; C. A., 29, 0901. 

170 tj “■ J* (1888) to H. B. Dftvio (to Caloo Chemical Co ) ; C. A., 32. 7476. 

ThBinicr, C, a!, to B.'t.’ Theimer, C. A., 32, 7476; c/, U.’s. P. 2,047W (1886) to E. T. 
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The cliromane derivative, formed in lesser amounts, is produced by con- 
densation of the naphthol derivative with an additional mole of the alky- 
lating agent. Here, instead of addition as in the case of ethylene oxkIc, 
cyclodehydration occurs.”* 


Addition to the Cyanogen Gbocp 

According to Desgrez,”^' the action of cyanogen with benzene in pres- 
ence of aluminum chloride results in simultaneous halogenation and foi- 
mation of benzonitrilc. Vorlander had shown, however, that if cyano- 
gen gas is passed during one hour into a mixture of 50 ec of benzene and 
20 g of aluminum rhlonde, with cooling by water, 2 g of benzoyl cyanide 
is secured. Repeating the work of Desgrez resulted in produetion of ben- 
zoyl cyanide, together with a small amount of benzonitrile The amount 
of benzoyl cyanide in proportion to the nitrile obtained inereased with 
decreasing temperature. The reaction was assumed to take place accord- 
ing to the scheme: 

CiU. -s N : C . C ; N — CiHi . C( : NU) . CN 

This intermediate was not isolated, but probably was responsible for the 
production of benzoyl cyanide upon hydrolysis of the reaction mixture 

CiIIi . C( ; NH) . CN + lIiO — CiH.COCN + NUi 

At higher temperatures the intermediate reaction product no doubt 
decomposes, with nitrile as final reaction product: 

Caii.C. ( :NH).CN — CiHi . CN -i- HCN 

The intermediate formation of imine was substantiated by the fact tliat 
when the initial reaction mixture is allowed to stand for 48 hours before 
hydrolysis, the final product contains some benzil, and the amount of 
benzoyl cyanide is decreased: 

CJJi . C( : NH) . CN -i- C.Hi — ► CiH, . C( : NU) . C( : NH) . CiHi 


UiO^ 


CiHi . CO . CO . UUi 


»• H. A. Bnaoo and J. W Kk 
A. DiHgreir »oc. Uhih 
21, Aef. m (1886)! C. Z . 1886. aa. ppo. 

VmUaam, Bmr., 44, 34A6-I4T6 (1011) ; ( 7 . A., 8, 8817. 
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From analogous reaction with toluene, effected by leading dicyanogen 
into a mixture of 100 g of toluene and 100 g of aluminum chloride at 40° 
for 6 houTfli there were obtained 7.2 g of p-toluyl cyanide and 8 g of 
y;-tolunitrile. When the reaction mixture wan allowed to stand for 2 days, 
however, the product from 50 g of toluene and 50 g of aluminum chloride 
consisted of 2.6 g of p-tolunitrile, 17 g of p-toluic acid and 5.5 g of 
dimethylbensil. Heating the dicyanogen reaction mixture to 70° yielded 
5 g of p-toluyl cyanide and 13.6 g of p-toluic acid. Reactions of dicyan- 
ogen with ethyll^nzene, biphenyl, and phenetole were shown to proceed 
similarly. 

The condensation of trichloroacetonitrile with aromatic hydrocarbons, 
phenols, or phenol ethers in the presence of almninum chloride and hydro- 
gen chloride affords a good method for the production of trichloromethyl- 
aryl ketones. The primarily formed ketimides are readily hydrolyzed 
to ketones: 

ci.ee : N + HR [R . C( : NH) . CCl.l S£*.r Cl.C . CO . R + NH. 

The following compounds have been shown to undergo the reaction: 


AromAtir Component 

Benzene 

Toluene 

o-Xylene 

m-Xylene 

p-Xylene 

Medtylene 

Naphthalene 

Phenol 

o-Cresol 

Thymol 

Tn-Creaol 


p-Cresol methyl ether 

1,3,4-Xylenol 

Carvacrol 


Diphenyl ether 

2;3-Dimethylani8ole 

Tetralin 


% Yldd of 
Cl^.CO.R 


70 

1 

90 

1.4 

SO 

1 

04 

1 

83 

1 

73 

1.4 

20 

1 

05 

2,4 

00 

2 

73 

4 

(including 

ketimide) 

56 

2 

(mizt.of 

iaomers) 

71 

2 

70 

4 

75 

4 

(induding 

ketimide) 

70 

3 

74 

4 

42 

4 

(of ketimide) 

35 

1 

poor yields 

3 

poor yields 

3 




Thiophene 

Chlorobensene 

Chlorotolucnes 
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Chloroacetonitrile condensea with bcneene in presence of aluminum 
chloride to give a product consisting of o-loluio acid, benzoic acid and 
o-tolunitrile, but only a small portion of tlic cliloroacctonitrilo takes part 
in the reaction.*** 

Reaction of aryl isothiocyanates and aromatic hydrocarbons occurs 
by addition of aryl at the double bond, with production of thioanilidcs 

H B 

R N ; CS + CJI. — R . ll . I) . CJt. 

By the action of aluminum chloride on the ibutliiocyanate alone, a sulfide 
is simultaneously formed When phenol ethers arc substituted for aro- 
matic hydrocarbons, addition proceeds more readily; the rapid reaction 
rate prevents the formation of sulfides. Addition products of phon>l 
o-tolyl, p-tolyl, or w-xylyl isothiocyanates and anisole or plienetolc \\eic 
prepared.”® 


R.CJl4N:CS R . C.H.NHCSC.H.OR" 

AlCIa 

The thiobenz anilides secured are readily converted to thiobenzoir arid 
upon saponification ***’: 

H R 

R . A . . C.H. RNH. + C.H.CSOII 

The reaction of phenyl isocyanate with benzene or benzene homolog'! 
in the presence of aluminum chloride has been pustulated as orrurnng 
through intermediate formation of an arylcarbamyl rhloride which tliru 
reacts with the benzene to form an anilide ; 


c.n.CNO CICONHC.H1 c’.Ti.ry)NH(’.ii. 


A mixture of cyanic acid and hydrogen chloride'®* or of alkali metal 
cyanate and hydrogen chloride*®* reacts analogously with aromatic 
hydrocarbons and aluminum chloride. Aromatir amides are seruicd 
When 3-phenyl a,/9-benzisothiazole is reacted with benzene and alu- 
minum chloride addition occurs*®*; 


mp. OwvnM. SuB. me. cMm., 41, I7S-U1 (IM); /. Chtm Soc Abi, 54, HI (IBM) 

MA. FniidmiiMi ud L. OattoniMiin, Bm., 25, 1625-8528 (1892). 

Tuit md L. Gattvinuim. Bmr, 29i 8528-8580 (1892) 

ML. Osttarnmaii, J. praSC. CAm. (t), SI, I7I.H4 (lIH); /. Chem Boc Ah, . Tf (1). BM (1B»1 
OR. iMkait, Btr.. U, 571-07 (1555); I. CImu Soc Abi , 45, 771 (IBO) 

^L. QRtUniMiiii ind A. BonolyiiiQt Bat,, 23, 1190-1199 U090). 

^ Gtaniiui P. 884,141 (1988) to 1. O.; C. Ac, 18, 174. 

» P. PrilMh, Per., 29, 2890-2891 (1899). 
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(CfU«)a 

Cill. NH 
■'SO.' 

The conversion of 4-cyanoacctylaccnaphthene to an imino- ketone 
which yields 1,4,5,8-naphthalenetetracarboxylic acid upon oxidation is 
catalysed by aluminum chloride.^'"’ 


c.h; 


/ 


C.lf. 

k 


N + C.H. 


AlCla. 


liaC CHa HaC CHa HOOC COOH 



Similar products are obtained from 4- or 5-cyanoacetyl-3-chloroacenaph- 
thene. The production of cyanoacetylacenaphthcnea and their ring clo- 
pure may be effected in one operation. Thus, the monoketimide of peri- 
aronaphthindandione is prepared in 50 per cent yield by condensing ace- 
naphthenc with cyanoacetyl chloride in the presence of aluminum 
chloride.^®® 

Upon heating with a NaCl-AlCls melt, isatin and its derivatives are 
secured from aiylides of the general formula 


aryl . N . CO . CN 


in which the aryl substituent has a free ortho- position to the imino- 
gi'oup.^®^ Isatin ’ is secured from cyanoformanilide according to the 
scheme: 



•Tile reaction is likewise applicable to the preparation of naphthisatin, 
nnd to nuclear halogenated or alkylated derivatives of isatin or naphth- 
isatin. N-Alkylcyanofonnarylides yield N-substituted isatins upon 


I o ■■ iW’r z 1M2. II 

2780 (IMOJ to 1. G.; C. A.. 25 , 45.56. Cii’rmnu P. 557,621 ti» I. G.; C. Z„ 1932a Up 

K™"***”'*' Wolfnun uid E. nBimdurfiir (to Ouiiral AnUIn 



m AyaroBous aluminum chloride 

treatment with aluminum chloride and hydrogen chloride in nitroben- 

*ene.*“ 

Hydrocyanearbodiphenylimides undergo ring closure to give isatin- 
e-arylides upon hydrolyeis. Isaiin-K-anilide is obtained as follows 

CN 

I 

n^cncb. 

H 



AlCIi 


CCT" 


Hirdrolyilfl , 


-C=0 


NCtUh 


I +NHi 


The dinitnle of malonic acid adds to aromatic hydrocarbons with for- 
mation of diketimidcs. With anthracene the dikctimide of 1,9-anthrBccnc 
indandione is formed: 


CHi 



Aromatic components, which may be substituted for anthracene in the 
foregoing reaction include toluene, naphthalene, acenaphthene, 1-methyl- 
naphthalene and a- or /9-naphthol ethers.^'*’ 

Addition of Carbon Dioxide to Aromatic Compounds 

Friedel and Crafts*** observed that a small amount of benzoic acid 
was formed when dry carbon dioxide was passed through a mixtuie of 
aluminum chloride and benzene heated almost to the boiling point of th( 
latter. A small amount of hydrogen chloride was simultaneously evolved 
They suggested the following reaction scheme: 

CJLAl/;]. -t- COi C%H.CO.AI.Cl. 

CJI.CO.A1.CI. -f HiO — CACOOH + AM31iOH 


Pressures of 50-60 atmospheres at 80-150° may be used to prepare 
bensoic acid, p-chlorobenzoic acid, p-toluic acid, or 2 , 4 -dimethylbenzuic 
acid from the corresponding hydrocarbons.*** 

Carbon dioxide in the presence of aluminum chloride reacts not only 
with hydrocarbons, but also with oxygenated derivatives. Thus, phenol 
and carbon dioxide in the presence of aluminum chloride may give 2,4'- or 
4,4'-dihydroxybenzophenone, salicylic acid, aurin, or diphenyl ether by 
judicious variation of temperature and pressure, the latter derivative 
being formed at 200° under 120 atm pressure. Cresols yield products o 


Gonnaa P. IU,M2 to DentaolM Gold -und Bilber^SohaidiNuiatMlt varm RoMiilHr 
MPOonnaii P ITTiBM to ParlMiifabiiken vonn Frwdr. Bay« ft Co , C. ^ > ltl4, lli ^73 ..^2 

P. TMsM (IfilO) to 1. Q.; C 1717; Oman P. M7.0O6 (ISM) to I Cl . ( ^ 

J M CnfG, Cumpt md , M, IMS* 1871 (1878); Ann ehitn, phy* 

I07,IB (IBM) to I. G.; Bnt. Chem. Abi 841 (IBM) Q. T. Morgan, Chfm and 
IBs IM-lOB (ISBl). 
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a similar type. Aniline forms diphcnylurca, ethylaniline yields mainly 
monoetbyldiphenylurea with some diphenylurea and p^p'-diethyldi- 
aminobenEophenone, and dimethylaniline mvps risp to the formation of 
iptramethyl-PiP'-dianiinmliphenylmctliano and p-dimethylaminobenEOic 
acid.“ 

Carbon suboxide reacts with bensene and aluminum chloride at 4° to 
|rive a small quantity of acetophenone, with bpnzoylacetic acid as an 
intermediate in the reaction.*®^ 

Addition of Sulfur Dioxide to Aromatic Compounds 

Bensene sulfinic acid may be formed by the reaction of sulfur dioxide 
with bensene and aluminum chloride: 


HH + SO. ^ RSO.H 


Tlie reaction has been described by various workers.^*® 

A complex, AICI 8 .SO 2 or AlCU.SOaCl, is formed which probably pro- 
motes condensation. Reaction is started by passing dry hydrogen chlo- 
ride through the mixture. With this technic, the sulfinic acids of bensene, 
toluene, xylenes, mesityicne, cumene, rymenc, naphthalene, chloroben- 
zene, and bromobenzene have boon prepared. The free acids are unstable, 
but conversion to the sodium salt is a satisfactory method of preservation. 

The reaction may also be applied to phenolic ethers,^®® but sulfoxides 
and sulfonium compounds arc also produced. Anisole gives anisolesulfinic 
acid, di-p-anisyl sulfoxide, and trianisylsulfonium chloride. Phenetole 
reacts similarly. Smiles and Le Rossignol noted that the products of such 
reactions depend upon the nature and position of the groups already 
attached to the nucleus. Under certain conditions reaction proceeds to 
yield mainly any one of the tlirec potential products. It has been noted, 
however, that o-crcsyl methyl ether yields a sulfonium chloride and a 
sulfoxide.”"^ 

A reaction between fluorobenzene, hydrogen chloride, sulfur dioxide, 
and aluminum chloride in carbon disulfide as a solvent forms p-fluoro- 
bcnzcnesulfinic acid.^®® 

Aluminum chloride is one of the catalysts which promote reaction 
between ethylene oxide, water, and hydrogen sulfide.^®® The nature of 
Ihe products varies with the proportion of ethylene oxide used; thus, 
using molar amounts of water and hydrogen sulfide with 1,2, or 3 moles 
of ethylene oxide the products were, respectively, thioetliylene glycol, 
hiodiethylone glycol, and tricthylolRulfinium hydroxide, the last being a 
8 rong base. The first reaction is quantitative, whereas that in which 


‘ J H ^ T. Morgan nml D. D. V 

9* V. Cwh. /, Am, ( 

™ J. M. Craft., Buil. toe. rhim. (2). 90, I 


Am. Chem. Sor , », I526-IM6 (1029): V. P P 1,008.068 (1088) to B. 
)M R e Su Pont) * C A 89 SMS 

»W. loe. e,?" “■* *■ I-’Rowtaiiot.V. Chm am-., IJ, T4J-7M (IMS); E. Kn.iF.en.Rd uid J. Kea> 
K. V. Baku, /. Jnritan Chrm. Sof , T, g4l-8n (1130); flni. Cfinn Ahi.-A, 


PmU; G. T, Mrirsan. for. rit. 

Cfirm. Sor.. 62. 770-1 (1940). 

(1S7B); Compf rend. 16 , 1868-1171 (lS7M. 
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2 moles of ethylene oxide was used required cuoliug to ptevoit the forma- 
tion of polyglyoolic sulfidee. 

Many Friedel-Crafts reactions are carried out in the presence of car- 
bon disulfide as a solvent, and small amounts of sulfur compounds are 
frequently obtained in the products.^ These compounds appear to be 
carbithionic acids formed by the reaction; 

RH-l-CS, RC8.H 

These acids may be decomposed during Friedel-Crafts reactions. In the 
presence of benzene, 5-10 per cent of neutral sulfur-containing resins were 
found to be formed. Phenetole forms a variety of products, some being 
alkali-soluble and probably of the type ROCRH 4 CS 2 H and HOCHH 4 CS 2 H 
and others, neutral products probably of the type RSCeH 4 CS 2 R. The 
formation of ethyl p-hydroxydithiobenzoate was considered definite 

Addition of Arsenous Oxide to Aromatic Compounds 

Diarylaminohaloarsines may be prepared by treating arsenous oxide 
with a halogen salt of a diarylamine in the presence of aluminum chlo- 
ride. Thus, diphenylaminechloroarsine is secured from diphenylaminr 
hydrochloride and arsenous oxide.^^ 

Addition of Dibenzoyl Peroxide to Aromatic Compounds 

When dibenzoyl peroxide is reacted with benzene in the presence of 
al uminum chloride at 0°, phenyl benzoate and benzoic acid are formed 
almost quantitatively: 

CiHiOO.O.O.OGCtHi + C.H. C.HiCOOCJIi + CiHtCOOH 

An equimolar quantity of catalyst must be used for each mole of ttir 
peroxide transformed, since aluminum chloride forms a stable molecular 
complex with phenyl benzoate.*"^ If reaction is not effected at low tem- 
perature, the reaction takes a different course, the products being benzoic 
acid, biphenyl, and carbon dioxide.^"^ 

Benzoyl peroxide reacts with chloroform at 0° according to the 
scheme*®*: 


CHCk + CdliCO .0.0. OCC.H. 


AlCb 


CiHiCOOH -h'CiH,COC1 + COfl. 


»H. W Brr., «, 14N-UT0 (1917) , ^ 

n 0. 8. P. 1,197, 8H (19U) (o W. Lofton, Jr., ud S O Burronglu (to Pbiiw<vh>i« Ood PtckIikh 
Co.)! C. A,, 29, j A F A 

■■A. F. A Rpynimrt, Rn <roii cAim., 4C, M-51 (1W7); C. A., H, 14W. J. Bo«*<'****” •'li, nDail) 
lUynbort, Vvtlag Akad Wtienarhapp^ Am$iefdam, 29, 699-802, Brit, Chtm, Ab* -A, 1087 (iB ^ 
iM.9 34| 1099-1108 (1025); C. A., 20, ION. 
me. OiliRMD ftnd P H. Hbtiiuuib. Ber., N, 479-481 (19U), C. A., 19, INL 
■“A. F. A. Resmbart, Rrc trav, 46, 72-76 (1827); Bnt. CAem. Abi.-A, 367 (1027) 



Chapter 9 

Addition Reactions. Part 11 

Synthesis of Keto-Acids fbom Dicabboxylic Acid Anhydbides 

The addition of di- and polycarboxylic acid anhydrides to aromatic 
compounds in the presence of aluminum chloride is a widely used method 
for the preparation of keto-acids. Because the reaction has been exten- 
sively investigated, and because its course varies with the components 
involved, the following subdivisions will be used in the discussion which 
IS given here: 

Aromatic di- and polycarboxylic acid anhydrides 
Phthalic anhydride 
Substituted phthalic anhydrides 
Other aromatic di- and polycarboxylic anhydrides 
Heterocyclic di- and polycarboxylic anhydrides 
Aliphatic di- and polycarboxylic anhydrides 

Anhydrides of Aromatic Di- and Polycarboxylic Acids 

The addition of dicarboxylic acid anhydrides to aromatic compounds 
is possibly the most commercially important of the reactions promoted 
by aluminum chloride. Both aromatic and aliphatic acid anhydrides 
react with aromatic hydrocarbons and a great many of their substitution 
products to yield a variety of keto-acids. 

The basic reaction, and the one which has been most thoroughly 
investigated, involves the addition of benzene to phthalic anhydride to 
give o-benzoylbenzoic acid, which may be smoothly dehydrated to yield 
snthraquinone : 


Cs 

o + 



AlCU 



0 

dohy^iitiiig^Kcut 


0 

i ^”*B>nuch as anthraquinone and its derivatives are of fundamental 
med*^ to tile dyestuffs industry, the kcto-acids are valuable inter- 
'Mcs. Phthalic anhydride undergoes like reaction with 

fill 
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aromatie hydrocarboDfl otlier than benaene 
halogenated hydrooarboai 
phenolfl and phanol ethen 
aromatic ketonei and carbcntylic acid derivatives 
nitnyenous compounds 
nitro- compounda 
uyl amines 
amidfli 

line compounds of nitroaen 
sulfur oompoundfi 
thioethers 

ring compounda of sulfur 
oxygen ring compounds 

The foregoing reactions, though resembling that of benzene wiih 
phthalic anhydride, necessarily involve differences in procedure and aic, 
of course, subject to orienting and accelerating or retarding influences of 
the individual substituents. They are summarized in subsequent pages 
Phthalic anhydride has also been found to add to aliphatic and liydio- 
aromatic hydrocarbons. A discussion of this type of reaction is given in 
that section of this book which deals with the Friedel-Crafts reaction in 
aliphatic chemistry.^ 

Substituted phthalic anhydrides add to aromatic compounds substan- 
tially as does phthalic anhydride. Keto-acids have been obtained from 
the following derivatives of the anhydride: 

halogen alkyl 

nitro- keto- 

acetylamino- sulfonyl 

methony- hydrozy- 

A like reaction has been attempted ^ith the anhydrides of other aro- 
matic dicarboxylic acids. Although keto-acids are not formed in cveiy 
case, reactions of aromatic compounds and aluminum chloride with the 
following dibasic acid anhydrides are discussed: 

naphthalene ilicarboxylic 
biphenyl dicarboxylic 
anthracene dicarboxylic 
sulfobenzoic 

Addition of tri- and tetracarboxylie acid anhydrides to aromatic f'om- 
pounds likewise does not necessarily result in the formation of keto-acid^ 
nor does it always affect all carboxy- groups. Anhydrides of acids 
the carboxy- groups in o-position generally add through these groups 
does phthalic anhydride. 

In some cases, anhydrides of dicarboxylic acids undergo ring cIdsiih' 
instead of adding to benzene, with formation of cyclic ketones: 
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ReaGtions of this type may also occur with aryl-substituted aliphatic 
acid anhydrides in which a conveniently located phenyl group enables 
cyclization* They afford an efficient method for the preparation of com- 
pounds possessing carcinogenic activity. 

Anhydrides of Heterocyclic and Alicyclic Dicarboxylic Acids 

Similar reactions occur when heterocyclic dicarboxylic acid anhydrides 
react with aromatic compounds. Nitrogenous reactants of this type 
include quinolinic and cinchomeronic acid anhydrides. Sulfur compounds 
are represented by the dicarboxylic acid anhydrides of thiophene and 
thianaphthene. o-Dibasic lactonic acids also condense to yield keto- 
acida. 

Alicyclic compounds such as the anhydrides of cyclopcntane-l|l-di- 
acetic acid and camphoric acid react with aromatic hydrocarbons in an 
analogous manner. 

Aliphatic Dicarboxylic Acid Anhydrides 

Condensations of the anhydrides of aliphatic dicarboxylic acids with 
aromatic compounds proceeds in the same manner as with phthalic anhy- 
dride. Thus maleic anhydride and benzene form )9-bcnzoylacrylic acid, 
and succinic anhydride yields )9-benzoylpropionic acid. Although most 
of the work in this field has been done with maleic and succinic anhy- 
drides, considerable work has been done on the anhydrides of citraconic 
and other substituted maleic acids, pyrotartaric acid, phenyl- and other 
substituted glutaric acids, and adipic acid. These reactions are studied 
in the latter portion of this chapter. 


Phthalic Anhydride and Aromatic Hydrocarbons 


Mechanism of the Reaction. — Investigations which have been made of 
the mechanism of the reaction have done much to clarify optimum con- 
ditions for the addition of ])hthalic anhydride to aromatic compounds. 
Fricdel and Crafts ^ originally postulated that the reaction between 
toluene and phthalic anhydride occurs simply with the formation of the 
addition complex, CHb.C«H4.CO.CoH4.COO.A12C1b, which yielded benzoic 
acid upon hydrolysis. Heller and Schiilke,- however, suggested that the 
reaction proceeded through formation of an intermediate compound. 

This view was not supported by Halla,* who found that, by reacting 
a mixture of benzene with toluene in varying proportions with phthalic 
anhydride and aluminum chloride, toluylbenzoic acid was secured almost 
exclusively. He concluded that toluene had reacted directly with phthalic 
anliydride and aluminum chloride and not on an intermediate compound. 
Addition of toluene after benzene, phthalic anhydride, and aluminum 
chloride had reacted gave no o-toluylbenzoic acid. Heller * pointed out 
that substitution of toluene occurred only upon addition to the inter- 
mediate compound, and not to the final complex. 


“G “5* i- Camvt, rmd., 12, BW-fiW (1881) 

■O iSS® W* Abt., 41, 8087-8688 (J808). 

iff gfc 82, 087-640 (1811). 

MW, 40, 008-071 (IBtl). 


/. CWm. Smj. Ab«., 781 (1881). 
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Subsequently Rubidge and Qua,” McMullen,” and Lawranoe and 
Oddy,^ further characterised the intermediate complex by showing that lu 
the presence of other anhydrides, e.g., of acetic anhydride, it reacted with 
another mole of the hydrocarbon to give diaryl phtiialides. 

These investigations point to three conditions which influence the piu- 
duction of phthalide, thereby decreasing yields of keto-acids; 

(1) Treatment of the primarily formed aluminum chloride complex 
with additional anhydride. 

(2) Prolonged boiling of reaction mixture containing two or less 
molecular equivalents of catalyst (with respect to phthalic 
anhydride), and subsequent addition of more anhydride. 

(3) Use of less than two moles of catalyst in the initial reaction 
mixture. 

A 97 per cent yield of 2-benzoylbcnzuic acid was obtained by Rubidt>p 
and Qua bv adding phthalic anhydride to benzene, heating until the 
anhydride was dissolved, and then, after cooling, gradually addin;; 
2 molecular equivalents of aluminum chloride (with respect to the 
phthalic anhydride). After standing for one hour at room temperature, 
the reaction mixture was boiled fur (ivo hours. Cooling was effected 
before decomposition of the catalyst complex with dilute hydruchloiic 
acid. Variations from this procedure, either by using less than 2 molcii 
of aluminum chloride at the beginning, or by adding more anhydride 
after boiling had continued for two hours, gave low’ yields of the ketu- 
acid and high yields of the phtlialide If the reaction is initiated with 
only one mole of catalyst, and itiiuther mule of catalyst is not added 
until boiling has continued for two hours, diplicnylphthalide is produced 

In a subsequent investigation of the reartion, McMullen ” prepared a 
clear solution by adding at 10° two molecular equivalents of aluminum 
chloride to one molecular equivalent of phthalic anhydride in benzene 
In the absence of the catalyst the anhydride is barely soluble in benzene 
at this temperature. Upon heating the clear solution with naphthalene 
for two hours, the product was found to consist of 60 per cent of benzoyl- 
benaoic acid, 35 per cent of naphthoylbcnzoic acid, and 5 per cent of 
naphthylphenylphtbalide. 

If, however, tlie clear solution is treated with an equal volume of 
anhydrous ether, and allowed to stand for thirty minutes, an oil is ino- 
cipitated, which after washing witli ether to free it from phthalic anh>- 
dride, gives only 2-benzoylbcnzuic acid upon hydrolysis with dilute hydro- 
chloric acid. If the oil is placed in a vacuum desiccator over sulfunc 
acid, it gives off benzene, ether, and hydrogen chloride and changes to s 
solid which seems to be identical with the flnal catalyst complex. Heat- 
ing the oil on a water-bath for six hours with naphthalene dissolved m 
benzene yields no uaphthoylhenzoic acid. An analysis of the oil sbowe 

• C. R. RuUdn ud N. C. Qiu, /. Am. Chtm. it. 7U-737 (Itld). 

' T. C. MoMlulen, 1, Am. Chtm. S«e , 43, IWI (IKl). 

• W. A. lAwnitM Mid H. O. Oddv. J. Am Chm. Sot, 44, S»-tN (IW). 

• T. C MoMidloi, /. Am. Cham. Sac.. 44, MH-J060 (int). 
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it to contain aluminum and chlorine in a ratio of 2:4.75^ expressed in 
atomic weights. 

The fact that the oil, or viscous prorijiitatc, does not yield naphthoyl- 
benzoic acid upon heating with naplithalene, whereas tlic clear solution 
does, indicates two definite stages in the reaction, which may be formu- 
lated as: 

CiiHiOa + CbHb + AliClfl — ^ rloar finlution — ► vismus prrripitato 
— ► 2-lH*fizoyll>enzoir' arirl 

McMullen carefully prepared the insoluble intermediate by shaking 
a mixture consisting of 5 g of phthalic anhydride, 9 g of aluminum 
chloride, and 80 cc of benzene for thirty ii\inutcs at room temperature, 
and boiling for two hours, at which lime evolution of hydrogen chloride 
had ceased. When the content of the flask had been brought to constant 
weight it was analyzed and found to have the empirical formula 
Ci 4 H»OsAl 2 Cl 5 , This intermediate compound was identical with the pre- 
cipitate obtained by evaporation of the oil from the clear solution. 

Although the insoluble intermediate compound represents the final 
reaction stage, treatment of it wdth toluene and acetic acid yields 0.14 g 
of benzoylbenzoic acid and 7.3 g of p-iolylphenylphtbalide. An insoluble 
intermediate compound was then prepared from toluene in a manner 
analogous to that used for the preparation of the intermediate compound 
from benzene. Treatment of this complex with benzene and acetic acid 
yields nearly all 4'-methyl-2-benzoylbenzoie acid, and only 0.2 g of 
p-tolylphenylphthalidc. The intermediate compound from benzene there- 
fore reacts more readily with toluene than the intermediate compound 
from toluene reacts with benzene. In a 'similar experiment, reaction of the 
same amount of benzene intermediate with additional benzene yielded 
2.5 g of diphenylphthalide. 

Treatment of the insoluble intermediate from benzene with naphtha- 
lene and acetic, anhydride and boiling for five hours gave a reaction 
product consisting of 6 parts by weight of 2-bcnzoylbenzoic acid, 3.5 
parts of a-naphthylphenylphthalide, and 20 parts of /0-naphthylphenyl- 
phthalide. 

An insoluble intermediate compound was prepared from naphthalene, 
and then treated with benzene and acetic anliydride. Reaction indicated 
that the intermediate compound from benzene adds to naphthalene more 
readily than the intermediate compound from naphthalene reacts with 
benzene. 

These experiments reveal that the final insoluble precipitate of 
phthalic anhydride keto- synthesis is incapable of reacting with hydro- 
carbons, but that it does react with hydrocarbons in the presence of 
added acetic anhydride. That the intermediate compound is not merely 
a phthalic anhydride-aluminum chloride complex has been shown by 
analysis of the complex from benzene; however, each complex exhibits 
properties peculiar to Friedel-Crafts reactive agents, that is, preferential 
condensation with the most aromatic, or active, component present. 
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The dfect of acetic anhydride on the reactivity of the insoluble inter- 
mediate parallels the observations made by von Pechmann in 1881.” This 
investigator prepared a mixed anhydride of 2-bensoylbensoic acid and 
acetic acid by digesting one part of 2-honeoylhpneoic acid with two parts 
of acetic anhydride on a water-bath, and rccrystallising the reaction 
product from alcohol. On the basis of researcii dealing with eeteriiica- 
tion of keto-acids, Graebe assigned the following structure to von Perh- 
mann’s mixed anhydride. 


f iiHi o . conij 

\ / 

r 

\ 




o 

/ 


Graebe also assumed that in the presence of hydrochloric or sulfuric 
acid, 2-benaoylbenzoic and reacted, during esterification, as hvdrow- 
lactone, 

CiHi OH 

\ / 



o 

/ 


von Pechmann secured a theoretical yield of diphenylphthalidc by 
heating his mixed anhydride witii benzene in the presence of aluminum 
chloride until evolution of hydrogen chloride had ceased, but he was also 
able to secure diphenylphthalide by heating benzoylbenzoic acid with 
benzene in the presence of an excess of aluminum chloride, according to 
the scheme**: 



In view of von Pechmann’s work, the results of Rubidge and Qua and 
of McMullen point to the formation of a hydroxy- lactone of 2 -bpnzoy - 

•H. F. Tim Pedmumn, Bar., 14, IW-lUT (isn). 

XC. ChariM. ft«r.. IL wm-im (IHO). .. 

e/, Q KfMUliiAt “AluminuiB ehloniiB In dcr orgiuiiMhan ohemie/’ p 
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benzoic ncid during reaction of the insoluble complex with acetic anhy** 
dride, and subsequent reaction of the est^ified lactone with the most 
reactive hydrocarbon available to give the phthalide. Such an assump- 
tion involves possibly the following structure for the insoluble inter- 
niediatc of benzene^ Ci4H90a>Al2Cl5| 




O . Calli . AlCU 
CO . O . AlCU 


and a lactone structure for its esterification product. 

That addition of benzoyl chloride to the reaction product of phthalic 
anhydride, benzene and aluminum chloride also results in the formation 
of diphcnylphthalide in good yield likewise bespeaks an intermediate 
which is sensitive toward cstcrifying agents in general. 

Of interest. is the fact that benzoylbenzoic acid has been assumed to 
loriii the lactone 

Cl I'illfl 

\ / 

c 

a> 

c 


upon treatment with phosphorus pentachloride. The product has been 
described as a brown, oily liquid; upon treatment with benzene and alu- 
uiiniim chloride it is converted to diphcnylphthalide.’® 

The formation of diphoiiylphl halide if less than two molecular equiv- 
alents of aluminum chloride are u^imI, or if heating is initiated rapidly 
may be explained by the fact that since the viscous complex is very 
readily attacked* by nnliydridcs to yield diphenylphthalides, any unre- 
acted phthalic anhydride in the reaction mixture will attack the complex 
and cause phthalide formation. It is therefore essential to provide mate- 
rial only in sufficient quantity to correspond to the complex C14H9OS.** 
Al2Cln, and to insure homogeneous reaction by avoiding uneven heating. 
fJse of temperatures above 50 ° likewise results in the formation of 
phthalides. 

Phthalide production may also be explained by assuming that at least 
two moles of aluminum chloride and a reaction period of about two hours 
»^re necessary to effect fissure of the phthalic anhydride ring. 

In reactions effected with anhydrides of monobasic acids, Qroggins 
mid Nagel have found that 3 moles of aluminum chloride are required 
m firder to secure at least partial utilization of the second carboxy- group. 
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Witli acetic anhydride, the first mole of aluminum chloride splita up the 
anhydride, with formation of acetyl chloride and a complex; 


CHj . AlCla^ 

ch..c4 


ClfaCOCl + CH. . COOAICI. 


The second mole of the catalyst is used to form a reactive complex with 
the acid halide CH^COCl.AlCla. Unless a third mole of aluminum chlo- 
ride is present, acylation is effected only with this complex. In the 
presence of a third mole of the catalyst^ the complex CHaCOOAlClo is 
converted into an acylating complex, 

CH, . C . Cl 
II 
o 

AICJ3 

In the absence of a third mole of aluminum chloride, it is converted tu 
acetic acid upon hydrolysis. 

In view of these findings, the necessity of two moles of aluminum 
chloride for the production of keto-acids from phthalic anhydride may 
be explained by assuming a preliminary formation of a complex^®: 

AlCla 
O 

/\^C. Cl 

C . OAlCIa 

II 

O 

In this connection it is of interest that in the reaction of phthaloyl 
chloride with benzene and aluminum chloride, rapid reaction leads to 
formation of diphenylphthalide, whereas the use of low temperatures 
with consequently longer reaction time induces the formation of 2-bon- 
zoylbenzoic acid.^*^ Aluminum chloride causes conversion of phtlmloyl 
chloride into its isomer, 


o 

II 

+ 2AIC13 - 
c 

^o 



F. H. Oraegio*, “Unit proccMn in raiwnio qrotkaw,*' p. 6M, IIU. 
» I. flehdiMr. Atm., M, Ul-IM CUU). 
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A viscous^ uncrystallizablci brown oil is first formed which, upon heating 
for forty hours, is changed into the crystalline aluminum chloride com- 
plex of the lactone.^* 

In spite of the vast amount of work which has been done on the 
reaction with phtlialic anhydride, the composition of the primary prod- 
uct involved has not been clarified. Since solution of the anhydride in 
benzene upon treatment with aluminum chloride is effected with but little 
evolution of hydrogen cliloridc, McMullen’s “clear solution” may well 
correspond to the phthalic anhydride- aluminum chloride complex assumed 
above. However, the fact that the clear solution yielded 60 per cent 
of benzoylbenzoic acid and only 35 per cent of naphthoylbenzoic acid 
upon boiling with naphthalene for two hours refutes this possibility, 
inasmuch as benzene is an efficient inert solvent for the preparation of 
2-na])hthoylbpnzoic acid from naphthalene and phthalic anhydride in the 
presence of aluminum chloride McMullen does not give the amount 
of naphthalene added to the clear solution, but unless it were added only 
in minute quantity, the reaction would have given a preponderant amount 
of the naphthoylbenzoic acid if the clear solution were only a solution of 
a phthalic anhydride- aluminum chloride complex. 

Factors Involved in Operation. — ^The preceding discussion of the 
mechanism indicates difficulties to be encountered in operation. Since 
formation of plithalides reduces the yield of keto-acids, conclusions 
derived from the study of phthalide foimation made by Rubidge and 
tiua^'* are of interest in arriving at optimum conditions for the reaction: 

(1) By employing 2 moles of aluminum chloride per mole of phthalic 
anhydride no phthalide is formed, and a yielcj of 97 per cent 
benzoylbenzoic acid is obtained. Similar results arc obtained if 
more than 2 molet< of aluininimi chloride are used. 

(2) Reducing the alimiinura chloride to one mole cuts the keto-acid 
yield to less than 30 per cent, and a small amount of phthalide 
is formed; one-half mole of aluminum chloride gives very poor 
results. . 

(3) Prolonged heating increase the phthalide formation. 

(4) The addition of an extra mole of phthalic anhydride to the 
correct reaction mixture after reaction would normally be com- 
plete causes phthalide formation. 

(5) The stepwise addition of aluminum chloride during reaction to 
reach the proper 2:1 ratio does not prevent phthalide formation. 

T 0 these chemical considerations Groggins has added the following 
fiiotors (developed from large-scale study) which promote phthalide 
formation: 


(1) too rapid heating of the initial reaction mixture; 

(2) inadequate mixing; 

(3) an excessive reaction temperature. 


10 oJ?*' 4?’*- 3M, a74 CIB12). 

51. to Q- HellM*. F. C. Whitmore and F L Carnahan, /. Am. Chnn. Soc., 

C R Gro^na, Ind. Kng, Chnn , 23, 152-160 (1931) 

» F w N.™ qU, /. Am. Chem. flof.. 36. 732-787 (1914). 

*'• H. Qrottm., ind. Eng. Ch^m., 23. If ‘ 


153-160 (1031) 
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Since keto-acids may be prepared in the presence of either a solvent 
or a diluent, a diseuBBion of the procedure used necessarily falls into 
eategories. 

Condensation with Solvents. — When diluents arc used, the most eco- 
nomical procedure is to use an excess of the hydrocarbon if it is liquid at 
reacting temperatures, or is a solid of low melting point. With solid 
hydrocarbons earlier workers generally employed carbon disulfide In 
1908, however, Heller claimed that excellent yields of naphthoylbenzoic 
or anthroylbenzoic acid are obtained by reaction of naphthalene oi 
anthracene with phthalic anhydride and aluminum chloride if addition is 
effected in the presence of benzene, toluene, or xylene. The fact that, in 
the synthesis of keto-acids, reaction is effected with the most aromatic 
component present has already been mentioned in the discussion of the 
mechanism of the reaction. 

In the preparation of 2-benzoylbenzoic acid, a mixture of phthalic 
anhydride and aluminum chloiide is ground; benzene is introduced during 
the grinding, which is continued for several hours; the excess benzene is 
evaporated, and the resulting aluininum chloride compound of the keti)- 
acid is obtained in dry, finely divided form 

A comparison of benzene, carbon disulfide, and o-dichlorobenzenc 
solvents in the condensation between phtlmlic anhydride, aluminum chlo- 
ride, and naphthalene has been made by Groggins and Newton The 
use of carbon disulfide does not give as high a yield of 2-(a-naphthovl)- 
benzoic acid a** that obtained by the use of benzene, or as pure a inoduit 
as that obtained by the use of o-dichlorobcnzene as solvent. The lattei 
permits the use pf lower solvent ratio ami lower temperatures than with 
benzene, and yields a product of equal purity. Optimum yields of 
2-* (a-naphthoyi) benzoic acid were obtained by the action of 10 per cent 
excess aluminum chloride on molecular proportions of phthalic anhydride 
and naphthalene in 3-6 volumes of o-diohlorobenzcnc at 0-5®. 

Halogcnated benzenes react at high temperatures with phthalic anhy- 
dride and aluminum chloride, thus, at 100®, o-dichlorobenzene gives a 
70 per cent yield of 3',4'-dichloro-2-bcnzoylbenzoic acid^® Although 
halogenated hydrocarbons react more slowly in the Friedel-Crafts reac- 
tion than does benzene or naphthalene, they cannot be used as solvent*' m 
reactions in which the components to be condensed are high-melimg 
solids. 

Nitrobenzene is more inert toward Friedel-Crafts reactions than aic* 
halogenated benzenes; however, it cannot be used as general solvent in 
the synthesis of kcto-acids, since it has been shown to condense wi 
tetrachlorophthalic anhydride and aluminum chloride to yield 2-(ni ro 
benzoyl) tetrachlorobenzoic acid*® 

Nitrobenzene has been found to be an especially eflScient solven m 


■ Qmui F. 108, Ml to G Hdlor; /. Cfcem. Soe Abu , M (1). 048 (IMM) ^ 

■ CbnoiUan P. 854,884 (1888) to H. O. Btonp mnd B H JaoolMon ; C, ^ 

H Orottmi and H P. Nowton, Ind Bnff Chm., 22, 187-108 (lOM). 
*BiL PhUlipa, /. Am. Chm. Soe», ^-478 (1887). 

»A. Boffmann. MonaliA., M, BN (1815). 
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the acylation of phenola by reaction with acyl halides and aluminum 
chloride* In the reaction with phthalic anhydride, the use of tetra- 
chloroethane as solvent has been claimed to give uniformly good yields 
of 2-(hydroxybenzoyl)benEoic acids.^^ The condensation of m-cresol with 
3-nitrophthalic anhydride, however, proceeds much better if a large 
excess of m-oresol is used instead of an indifferent solvent. Practically 
theoretical yields of the corresponding keto-acid are obtained.^* 

Tetrachloroethane has been shown to be an efficient solvent for reac- 
tions of polynuclear hydrocarbons or tlieir derivatives with phthalic 
anhydride. «-Methox}maphthalene thus gives a 91 per cent yield of 
2- (4'-methoxynaphthoyl-l') -benzoic acid. The use of tetrachloroethane 
instead of nitrobenzene makes the method applicable to quantity pro- 
duction.’‘'’ Tetrachloroethane has also given good results as solvent in 
the preparation of very pure 2- (a-naphthoyl) benzoic acid.'" It has also 
been used as a solvent in the synthesis of keto-acid from chrysene," and 
from tetralin.'^ 

Temperature is an important factor in the preparation of keto-aoids. 
According to Jacobson," better yields and higher purity of product are 
obtained by carrying out the condensation of phtlialic anhydride and an 
aromatic hydrocarbon (benzene or toluene) at temperautres of not more 
than 40-45°, and preferably at 25°. 

Several patents have been directed at recovery of the keto-acid from 
the reaction mixture. Decomposition of the catalyst complex with cold 
dilute hydrochloric acid and filtration of the crystallized precipitate of 
acylbenzoic acid has been claimed." Upon decomposition of the catalyst 
complex with 4 per cent hydrochloric acid, the keto-acid may be recov- 
ered by separation of the aluminum salt in a lower aqueous layer and the 
acyl benzoic acid in an upper layer of the excess solvent." The use of 
low temperatures during hydrolysis of the catalyst complex, and recovery 
of the keto-acid as a salt have been claimed. The catalyst complex 
resulting from the treatment of an aromatic hydrocarbon and phthalic 
anhydride in the presence of aluminum chloride and large excess of sol- 
vent may be charged into ice and water at below 25°, and the aqueous 
aluminum salt solution removed by siphoning or decantation. The resid- 
ual two layers are washed free from aluminum salts with water and are 
then made alkaline; the solvent is removed by steam distillation." 


''See p. 361. 


Chm. Soc. Abt., lU (I). U (im). A. 
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Condensation without Solyents. — ^In condensations of aromatic hydro- 
carbons with phthalic anhydride, in the absence of a diluent, aluminum 
chloride need be used only in an amount which is approximately equi- 
inolecular to that of the components.^^ Such a procedure not only effects 
economy in the amount of catalyst required, but also obviates the fol- 
lowing economic losses entailed by the use of solvent or an excess of the 
hydrocarbon 

(1) cost of solvent recovery; 

(2) loss of solvent or equivalent; 

(3) increase in operating time; 

(4) more complex and more costly operating system; 

(5) additional problems regarding corrosion; 

(6) deleterious effect on product. 

Since thorough mixing and homogeneous heating arc necessary, con- 
ducting the process without solvents has necessitated the use of espcmalh 
efficient grinding and mixing equipment. 

A charge consisting of 148 parts of phthalic anhydride, 266 partb of 
aluminum chloride, and 85 paiiis of benzene, when heated in a ball null 
type of ajiparatus at 40-60'’, during the addition of the benzene, aiifl 
finally at 90-100°, yields 219 parts of 2-benzoylbenzoic acid, or 96 8 pci 
cent of theoretical. Similarly toluene gave a 93.1 per cent yield of 
4'-methyl-2-bcnzoylbpnzoic acid, anil chlorobenzene an 86 per cent yield 
of 4'-chloro-2-benzoylbenzoic acid when stirred in a ball mill.'*^ 

A ball mill for use in Friedel-Crafts syiithcbis of kcto-acids has bt'cii 
described by Stone and Jackson.®® Such a ball mill is mounted on a huri- 
zontal axis about which it revolves, and is partially filled with iron balK 
or blocks of various sizes which tumble about and effect the grinding of 
the charge aa the mill rotates. The mill is equipped with a charging 
and a discharging vent, and an exit for the hydrogen clilundc evolved 
It may be heated during reaction. The product becomes a viscous inas^^ 
during the reaction, even when all the reactants are solid; and as the 
reaction progresses the viscous mass swells because of the evolution of 
hydrogen chloride gas. The aluminum chloride complex of the keto- 
acid is thus obtained directly as a fine, free-flowing powder which can 
be run out and decomposed in another vessel to form the keto-acid. Thr 
apparatus and the procedure have been thoroughly described by Giog- 
gins.^ 

The method has been used by Groggins in the preparation of kolo- 
acids from biphenyl or its chloro- derivatives. 4 '-Phenyl- 2 -bcnzoyl- 
benzoic acid is obtained, in yields amounting to about 95 per cent of 
theoretical, when a mixture of 1 mole of biphenyl, 1 mole of phtlialic 
anhydride, and 2.2 moles of aluminum chloride is heated at 60-65° ^ 

horizontal iron mill partially filled with loose iron blocks. 


« QcniiNi F. 496.447 (1917) to W. Mullor (to 1 G ) ; C. Z . 24, 3261 (1030). 

«P. a. Grogginii, Ind Eng. C/im.. 33, 161-160 (1031) 

»U. a. P. 1,666,875 (1928) to H G Stone and B H Jiusluion; 6\ A,, 22, 906. 

<*F. H- OroMina, loe c>( ; “ITmt PrneeMini in Othbuic OyntliiiM,'' pp t68-t7S, llw.' 
"F. H. araopw, Ind. Bng. Chtm., tk, M-esa (19N). 



ADDITION REACTIONS 


523 


The effect of temperature in tlie production of 2-benzoylbenzoic acid 
hy this method has hcvii studied by (lallotti and Beretta.'*- By inti- 
mately mixing in a ball mill the Btoichioiiietric i>roportions of phthalic 
anhydride, benzene and aluminum chloride, and heating for twenty hours 
at 50-60°, a 93.6 per cent yield of the keto-acid was obtained, whereas 
heating for twelve hours at 60-65° gave a yield of 06.1 per cent. 

One-Step Production of Quinones. — ^The preparation of a keto-acid 
and its conversion into anthraquinone may be performed in one step if 
the reaction is conducted at high temperatures or in the presence of an 
AK^da-NaCl melt. At high temperatures, in the presence of aluminum 
chloride, condensation of phenols with phthalic anhydride yields hydroxy- 
nnthraquinoncs directly, without isolation of the keto-acids.^® It is 
advantageous to use an excess of phthalic anhydride, which acts as a 
solvent when the reaction is effected at 180-250°. In this way pyro- 
catechol yields hystazarin, directly 

n 


II 



o 


Instead of using excess phthalic anhydride as diluent, sodium chloride 
may be used with the catalyst. Introduction of a phenol, like pyrocate- 
chol, and phthalic anhydride heated to 110°, into a fused mass of alu- 
minum chloride and sodium chloride yields the hydroxy- keto-acid;^** 
however, at temperatures of approximately 200°, quinones are secured. 
In this way hydroquinone yields quinizarin 



Haloquinizarins may be obtained by adding a halogenated phtlmlic 
anhydride and hydroquinone to an AlClr-NaCl melt and then maintain- 
ing a temperature of 200-220° for about twenty minutes. In this way 
an 84 per cent yield of 5,8-dichloroquinizarin is obtained.^"^ 


^M. Qallotti and A. Beretta, Ann. chim. appheata, 22, 69t-6D4 (1932); C. A., 27, 1029. 

to F .UUman..^ ^ ^ ^ ^ ^ 

^ ^ c/. H. Woldmann and P. 
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Table 23. 


Hvdro«»rboii 


Tolueoe 

0-J^Jene 

m-Xylenc 

^Xylene 


Paeudocumene 

Durene (l^,4^ioti amothylbctusenp) 

Ethylbenxene 

m-Diet^lbenzenc 

«V^*Triethy 1 benzenr 

n-Propylbenzene 

Cumene (isopropylbenzene) 

m-Diisopropylbenzeiie 

Qrmene 

tir>Butylbenzene 

sec-Amylbenzene 

Hezylbenzene 

HepMbenzene 

Octylbenzene 

Biphenyl 

Tetramethylbi phenyl 
0 | 0 '-Bitolyl 

? «p'-Bitolyl 
faphthalene 

1-Methylnaphthalcne 

2-M ethy Inapht halene 
Tetralm 


&-Methyltetralin 

m-Dipheny Ibenzene 

Fluorene 

Aeenaphthene 

Anthracene 

Phenanthrene 

9 Vm-Octahydrophcnan Ihrenr 

Fluoranthene 

Pyrene 

ChrvMe 

Hydrindene 

Perylene 


m p of 

Derivativea (”C) 

Ref. 

137-138 

1-7,11 

102 

8,0 

149 

0 

10 

211-212 

1 

20^265 

11 

1,11 

122 

12 

114-110 

1 

129A-130A 

1 

125-120 

1,12 

133-134 

1 

123-124 

13 

1,6, 14 

97-98 

1 

224-225 

15 

15 

15 

15 

1,10-19 

95-100 

20 

46 

177-179 

40 

172-173 

1,8,21-26 

27 

107-109 

190-191 

27 

153-155 

1 

107j5-108 

48 

227-229 

49 

1,28,29 

198-200 

1,43-45 

242-243 

23,30,2 

115 

30,41,42 

212-214 

40 

2.31.36,50 

225-220 

32,33, 37,38 

210-213 

34.47 


39 

35 
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2. 

3. 

4. 

5. 

6. 

7. 

8 . 
9. 

10. 

11 . 


12 . 

19. 

14. 

15. 


16. 

17. 

18. 
19. 
19. 
21 . 
22 . 
22 . 


P. H. Groc^, Ind Eng, Chem., 22, 620-125, 626-090 (1930). 

K. Elba, /: praki Chrm, (2), 41. 1-92, 121-151 (1800). 

J. Keiaer, Ann,, 297, 88-102 (1800) , 

R. Beholl, K. l2hae, K. Michdaon, end E. Gruneweld, Bar^ 213-515 (1910). 
M. Gellottl end P. Oelimberti, Ann. chim. oj^ieeta, 22, 598-601 (1882). 

C. Oreebe. Ann.. 340, 249-259 (1905). 

Q, Hdlrr. 43emiBn P. 102.901 (1007 ) . C E, 1108, 1. 1113. 
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Table 25— Con^muecf 

p, H. Qrofilni slid H. P. Newton, Ind. Bng. Chem., 22, 167-159 (1980). 
a Oebrifll end J. Colin*n. Her.. 13, 446-449 (1900). 

E. Ador nnd J. M. Crnhe, Bm. toe. ctwn. (2), 34, 581 (1880). 

R. Boholl nnd W. Tritnoh, Monatth., 22, 997-1018 (1911). 

G. Goldaoluniedt and A. Lipi^its, Her., 36, 403*1 -4089 (1908). 

A. Dnnai nnd A. Sempronj, Gumm. ehim. italu, 63, 081-084 (1988). 

O. HeUer, Her., 45, 666-678 (19181 
Brit. F. 468,648 (1986) to A. Q. Bloum (to Biic, pour Tiad. ohim. n Bale); HriC. Chtm, Abt.-B, 
1081 (1087). 

BwIm P. 190,487 (1988) to Sac. pour. I'ind. chim. e Bale. 


H. VoUman. H. Beoker, M. Coirell, H. Streak, and Q. La^bein, Ami.. 531, 1-169 (1937). 

BWIM F. 179,440 (1986) to GcBclleehaft fur ehem. ind. in fiaael. 

P. Nawinoky and 0. Groeakinaky (German F. 642.060 (to I. G.). 

J. vnn Braun, G. Mans, and B. Krati, Ann., 496, 170-190 (1982). 

J. W. Cook, C. L. Howett, and I. Hieger, /. Cfiem. doe., 895-406 (1983). 

E. GlBr,_^Her., 6^ 1071-1086 (1986). 

J. von Braun, G. Kiracbbaum, and H. Sohuhmann, Her., 53, 1156-1178 (1920). 

£. de Barry Barnett, N. F. Qoodway, and C. A. Lawrence, J. Chem. 8oe., 1084 (1936). 

£. Clar, Her., 62. 860-869 (1929). 

German P, 194^ (1907) to Hochet Farbwerke; C. Z., 1908, I, 1223. 

F. R. Lorrunan. /. Am. Chem. Soc., 47, 211-210 (1926). 

C. Graebe and C. Peruta, Ann., 327, 99-103 (1908). 

0. B. May, U. 6. P. 1,997,805 (1035). 

R. Bcholl and C. Seer, Her.. 44, 1001-1108 (1911). 

German P. 662.912 (1987) to H. Vallrnann and H. Becker (to 1. Q.) ; C. Z., 1938, I. 2066. 

L. F. Fieser and R. N. Jonee, /. Am. C/irm. Boe., 60, 1940-1945 (1938). 

H. G. Goodman, Jr. and A. Lowy, Div. of OrganiB Climi., American CheniicBl Society, Mil- 
waukee meeting (1938). 

C'/eohoelovak P. 60,804 (1980) to 1. G.; C. Z., 1937, II, 2507. 


The method of preparing quinones by fusion of aromatic dicarboxylic 
acid anliydridcs and a reactive substance with an AICls-NaCl melt has 
licen used for the preparation of vat dyes from phthalic anhydride and 
pyrenemonophthaloylic acid,*" from phthalic anhydride and rubicene,** 
or from perylene."" Treatment of dibenzanthrones and carboxylic acid 
anliydrides with AlCla + HbCla likewise yields vat dyes/'^ 

Condensation of Phthalic Anhydride with Aromatic Hydrocarbons other 

than Benzene 

Alkylated benzenes and polynuclear hydrocarbons add to phthalic 
anhydride even more readily than does benzene. It has been suggested 
that the isolation of the keto-acids formed would serve as a ready means 
of identifying the aromatic hydrocarbons present in a mixture."^ Data 
concerning the melting points, theoretical and actual neutralization equiv- 
alents, and the conditions for crystallization of acids from 19 hydro- 
carbons are presented. 

A critical examination has been made by Oliverio of literature per- 
taining to constitution of benzuylbeuzoic acid derivatives, especially with 
reference to orientation of the methyl and hydroxy- groups. 

Preparations of keto-acids by addition of phthalic anhydride to an 
aromatic hydrocarbon in the presence of aluminum chloride ore listed 
in Table 23 . 

The condensation of some of the alkylated benzenes with phthalic 


• 1?*'l** O"*) to tod. in Buie; Bn$. Chan. db'.-B, nM (IBBO- 

« t‘ ••• Ai (im) to H. Groune and Q. Lmtxta, (to LG.) : C. A., 3L 4U1. 

SS*™*® P. 641JM (igw) to P. Nowiarity and O. Grtaikiiialcy (to 
, “y. B. P. 8,068,4^7 (1986) to W. H. LyoHO (to du PonO; Hne. Chem. Abi.-B, IIBB (1987); U. 
.0M,«I6.7 (jyak) ffW. (toXpont): iwt. Ol^.. U» (I»7). 

;?■ W, u^owood, J. A^ Clirm. Soo., W. MO-*® (l«M)j ». tUl. 

A. Oliverio, thu. ehim. ital.. fit, M1-24Z (l»l): C. A., X, OM. 
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anhydride forms resinous masses rather than crystalline acids.^* Bruson 
attributes this tendency to the probable formation of isomersi and noted 
that the increase in the length of the alkyl side chain from butylbcnzcnc 
to octylbensene increased the formation of resinous products. 

The influence of the presence or absence of a solvent may be of impoi- 
tance in directing the course of the reaction. Aluminum chloride pro- 
motes the condensation of biphenyl and phthalic anhydride in carbon 
disulflde solution to form only 4'-phenyl-2*bcnzoylbcnzoic acid: 



but if reaction is efl'ectcd by heating to 100°C, in the absence of n bolvcni^ 
the products are 2-phenylanthraqumoiip, 4,4'-bis (2"-carbo\y benzoyl ) - 
biphenyl, 



and 4'- (3"-anthraqumonyn -2-brnzoylbenzoic acid witli only a small 
amount of 4'-phcnyl-2-benzoylbenzoic acid.‘’‘^ It has also been observed, 
however, that by holding the reaction temperature at 60-65®C and keep- 
ing the reactants thoroughly mixed in a horizontal rotating null, a yield 
of 95 per cent of 4'-phonvl-2-bcnzoylbenzoic acid can be obtained from 
1 mole of biphenyl, 1 mole of phthalic anhydride, and 2 2 moles of alu- 
minum chloride.®® 

o,o'-Bitolyl yields the dibasic acid,®^ 


c OUil 



and 2,4,2',4'-tetramethylbij)henyl as well as pyrene yield dica^bo^vIl^■ 
products when reacted with jihUiahc anhydride and aluminum chloiidi 

Halogenated Hydrocarbons and Phthalic Anhydride 

The presence of halogen in the benzene nucleus has a retarding * 
on reaction with phthalic anhydride, so that higher temperatures 

“HA Bniflon, V. B P 1,033,520-1, 1,034,088 to Reamoiu PrrKluctn and ChmiiPid Co, Inf 0 U 
Qoayla and K E Reid J Am Vh\m Sor , 47, (1925) 

“ R Hehull ftnil W N<>f»viuM. Utir , 44, 1075-1000 (1011) 

WP. H Ornggawjfiii Bug Chem,. 22, 020-030 (1930), U. B P 1514,145 (1281) 

“R Asholl and C Fteer, fier , 44. 1091-1105 (1011). 

**R Sihnll K Llise K Michuiion, and E Oninewald, Ber , 43, 512-518 (1910) 

“Bariw F. 190,487 (1930) to Boc. pour Tind ohim a Bale; C. A., 32. 800. 
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nPcesBftry to effect addition. With chlorobenzene, temperaturos of at 
least 50"^ generally arc used, hut with o-dichliirobenzcne, reaction is best 
effected at 100®. The reaction has been effected with broino-, iodo-, and 
flnoro- derivatives of l>onzone, but yields are jaiorer because of decom- 
position of the halogeuated hydrocarbon by the catalyst. 

The production of 4'-chloro-2-bcnzoylbenzoic acid from chloroben- 
zene and phthalic anhydride has been reported by numerous investigators 
to proceed smoothly.®® 

Oondensation may be effected at 50-90° to give good conversion.®^ At 
temperatures of 80-100°, eqniiiiolccular proportions of phthalic anhydride, 
immo-halobonzene, and aluminum chloride may be used.®^ 4'-Chloro-2- 
lienzoylbenzoic acid, obtained in 94 per cent yield by Friedel-Crafts reac- 
tion of phthalic anhydride and chlorobenzene, is an intermediate in the 
preparation of alizarin.®® 

4'-Bromo-2-bpnzoylbenzoic arid has been reported to be the product 
obtained by Friedel-Crafts reaction of bromobenzene with phthalic anhy- 
dride.®^ However, the decomposing action of aluminum chloride on 
bromobenzene has been especially noted by Prosser ®® who was unable to 
secure convetsum to tV\e balogenated keto-acid. Using the calculated 
amount of bromobenzene, or an excess, be wa.s able to eecure only 2-ben- 
znylbenzoic acid. 

Oroggins and co-workers, on the other hand, have been able to secure 
nn 80-85 per cent yield of the 4'-bromo derivative.®® The reaction was 
studied in the liquid phase, using an excess of bromobenzene as diluent 
at 60-90°, as well as in an iron mill apparatus, using approximately 
molecular equivalents of bromobenzene and phthalic anhydride at 70-80°. 
In both processes 2.2 moles of aluminum chloride was used. Recovery of 
the excess bromobenzene used in the liquid phase reaction was only 
90-93 per cent of the calculated amount, but yields of the keto-acid were 
slightly better, indicating decomposition of the bromobenzene. The fact 
that yields in excess of 80 per cent of the keto-acid showed that the reac- 
tion leading to cleavage of bromine was slower than that leading to for- 
mation of keto-acid. 

lodobcnzene is also decomposed by aluminum chloride and gives only 
a small yield of 4'-iodo-2-benzoylbenzoic acid, together with iodine and 


UBW) to W. MUUer sna ri. - 

‘liv**- Tinker nad I. Oub.lni»im; V. B P. (MBO) to w- 

Milm. t Cham. Co.)i OeiiDUt P. 75, MB (18*4) to G. HeUrr; Grrman P. 156.447 (1677) 
d , 24, 5551. 

"C. 8. 1.745,711, laa al. 

"V. B. 1,555.571. toe. eil. 

F. P. S^rpulchlBi loc, cit- 

r "‘tPi'i ud A. H. QlBuon, loe. cit. F, tlllniapn and M. Bona, Ann., 311^ 338-841 (Wll] 

nailer, Ber., 4S. 685-673 flBiai 

A. ProiorPrac. Triil!! ifov Can (3), M, Sec III, 118-119 (»«*): CJ.. 1925. I. 1491 
25, 4E7^' A. J. SUrtoh, and H. P. Nefwlon, Jnd. Bng. Cfum., 23, 383-309 (1981); C. A 
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some 2-benzoylbeDzoio acid.*^ Fluorobenzene, however, condenses readily, 
to give a good yield of 4'-iluoro-2-benzoylbenzoic acid. 

o-Dichlorobenzene is less reactive in the Friedcl-Crafts reaction than 
is the monohalogcnated derivative. At 50° it does not condense with 
phthalic anhydride. At 65° condensation to the extent of 5 per cent is 
effected, but only upon continued heating.**^ At 100°, it reacts to give an 
approximately 70 per cent yield of 3',4'-dichloro-2-benzoylbenzoic acid;*"* 
but at 175° the yield is only 20 per cent, berause of formation of 2,3*di- 
chloroanthraquinone.^'* 

Table 24. 


Halonrated FFoduct : 

Alkyl Benune -2-bensoylbeiitoic arid Ref 

o-Chlorotoluene 2'-chIoro-3'-methyl- 1 , 2 , 3 

4'-chloro-3'-methyl- 

m-Chlorotoluene 4'-chloro-2'-nieihyl- 4, 5 

2"-chloro-4'-methyl- 

jnChlorotoluene 2 - or 5'-inethyI-6'- or 2'-chIoro- 2, 6, 7 

o-Fluorotoluene 3'-fluoro-4'-methyl- 8 

m-Fluorotoluene 2-fluoro-4'-mGthyl- 4 

T^-Phiofotoluenp 5'-flu or o-2'-ai ethyl- 

2-fluoro-5'-methyl- 

o-Bromotoluene 1 9, 10 

fn-Bromotoluonc r 3'-mpthyl-4'-broino- 4, 9, 10 

p-Bromotoluene J 9, 10 

T^Iodotoluene no iodo-arid 4 

4->Fluoro-7ii-3[ylene 3'-fliioro-2',6'-dimethyI- 8 

o-Chloroethylbenzene 3-rhloro-4'-ethy]- 4 

o-Fluoroethylbenzene 3'-fluoro-4'-ethyl-" 4 

p-FluoroGthylbenzene 2'-ethyl-6'-fluoro- 4 


Ae/ansneaf 

1. F. UllmanD and J, C. Daagupta, Brr , 47, 553-M8 (1914) 

2. O. Hdlrr and K. Schfllke, Ber , 41, 3S7r>a«38 (1908). 

I. B. Kaimatau and I, Hirano, / Pharm. Soc. Japan, 49, 140-147 (1929); C. A., 23, 8480 
4. 0. R. Quaylt and E. E. Reid, /. Am. Chem. 8oe., 47, 8337.2801 (1923). 

8. B.^Kefanatau, I. Hirano, and T. Tanabe, /. Pharm. Soc Japan, 49, BOl-Ml (1929); C A„ 23, 

0. O. Dougfaerty and A. H. Gleaaon, /. Am. Chem. Bat., 52, 1024-1027 (1980). 

7. J. RdUy and P. J. Drumm, /. Chem. Boc., 2814.2819 (1087). 

0. F. C. Hahn and E. E. Reid, /. Am. Chem Bor., 46, 1045-1038 (1024) 

9. O. Heller and K. MUller-Dardoff, Bar., 98, 497-499 (1926). 

10. G. Heller, Ber., 45, 702-790 (1012); C, A., 0, 1017. 


Condensation of m-dichlorobenzcne with phthalic anhydride and alu- 
minum chloride has been claimed to yield 2 ', 4 '-dichloro- 2 -benzoylbcnzoir 
acid.” 2',5'-dicbloro-2-beneoylbenzoic acid has been prepared by hcatinp 
1 mole of phthalic anhydride with 0.5 mole of p-dichlorobenzenc, and 
1.5 moles of aluminum chloride at 110-120° for about four hours.” A 
better yield (59.3 per cent) is obtained by heating 1 mole of the anhydride 


" F. C. Hahn nd E. E. Bald, /. Am. Chem. Soe., U, IMS-lUt 

■ P. H. Groniiie and H. P. Nnvtoo, ini. Bnu. Chm., B, IST-IW (IHO). 

■ M. PhilUpe, /. Am. Chem. Bet., 41, 471-478 (IMT). ...nr 

"M. Tanaka and N. Tnnnks, SnO. Chem. Bee. fapm. 1, W-a7 (IIM); C. A., B. 1401. «/• » “ 

Fi«a-IHvid. /. Am. Chem. Bee., 4*. BI4 (1117). ^ ^ 

nSritirii P. BS^IM (107); O. B. P. 1,711,144 (Bit) to I. Oubelmaim, H. J. Wfadand, and O. Bt> 
niBon; BrU. Chem. Abt.-B, 440 (llU). „ / 

«M. PhUHpa, /. Am. Chem. Bee., 40, 8108-1101 (lOM): ef. Q. Daiwhiirtjr and A. H. Qleawn. 
Am. Chem. Bee., S2; 10M-I0» (1010). 
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with 5 moles of the dichlorobenzme and 4 moles of aluminum chloride at 
1 10'’ for six hours.” 

Reported condensations of halogens ted alkyl benzenes with phthalic 
anhydride and aluminum chloride arc listed in Table 24. 

The reaction with bromotoluenc is noteworthy inasmuch as the same 
rnmpound, 3'-methyl-4'-bromo-2-benzoylbenzoic acid, is obtained from 
0 -, m-, or p-bromotoluene in 75 per cent yield. In the case of m-fluoro- 
ioluene, condensation may occur para- either to the methyl or to the 
fluorine. The results indicated the formation of isomers, but since the 
influence of the methyl group is stronger than that of fluorine it was 
concluded that the bulk of the product was 

F 

\/^COOII 

The corresponding acids from ?n-chloro- and m-bromotoluene could not 
be obtained in a pure state. o-Fluoroethyl benzene may condense with 
phthalic anhydride to yield four iaomcric acids but the main product was 
found to be 



and o-chlorocthylbenzene gave a similar acid. lodotoluene evolved 
iodine when the condensation reaction was attempted, probably because 
of the influence of the methyl group, although this observation is in 
accord with the results obtained in trying to condense iodobenzene with 
phthalic anhydridfe. 

In the condensation of mono-chlorinated biphenyls with phthalic 
anhydride, the relative position of the halogen is unaltered. From 2- or 
4“chlorobiphenyl, the products are 2"- or 4"-chloro-4'-phenyl-2-benzoyl- 
bonzoic acids. A 93.4 per cent yield of the 4"-chloro- keto-acid was 
obtained by heating the reactants at 56-70° for fourteen hours in an iron 
mill. Slightly lower yields were secured with 2-chlorobiphenyl; heating 
at 65-70° for fifteen hours gave an 84.1 per cent yield. In both cases 
1 mole of the chlorobiphenyl, 1 mole of phthalic anhydride, and 2.2 moles 
of aluminum chloride were used.” 

a- and jS-Chloronaphthalene have been shown to undergo normal con- 
ornsation, with production of the corresponding keto-acids;’'* but 1,4-di- 
^ "^^'onaphthalene condenses to give a mixture of acids.*^® 2-Chloro- 


n' T. N. Oaaina, Or(i Chem. Ind. fCT. 8 3 RJ, 1| 37-01 (1036); C. i4., 30, 5010. 

• wtldnumn, /. pnkL Chtm. (2), : 


^ 111, 71-31 (1081). 
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sao 

I -methylnaphthaleno, however, rracte to give 6'-chloro-2'-niethyl-2-a- 
naplithoylbenzoic acidJ'' 

Coadenaadon with Phenols and Phenol Ethers 

The application of Friedel-Crafts synthesis of aromatic keto-acids hab 
been extended to the condensation of phthalic anhydride and aluminum 
chloride with phenols, naphthols, hydroxyanthracenes, and their ethers 
In these reactions, the carbonyl group usually attaches itself to the rat- 
bon atom in ortho- position to the hydroxy- or other group. Carbon 
disulfide nnri tetrachlnroethanc arc usually used as solvents, but sonic 
reactions have been found to proceed more satisfactorily without solvent 
Fusion at 180-250“ with an excess of phthalic anhydride serving 
diluent leads to formation of hydroxyanthraquinones.^* Pyrocntcchol 
thus gives hystazarin, 


.'N / 



OH 

OH 


without isolation of the kcto-acid intermediately formed. Although the 
method has been claimed to be general for hydroxyaromatics, Fioser''' 
was unable to obtain a hydroxynaphthanthraquinone from j8-naphthnl, 
instead, a yellow compound having the composition CihHioOs of the fol- 
lowing probable structure was obtained : 



Ring closure without isolation of the intermediately formed kelo- 
acids may also be achieved by fusion at about 200® with an AlClj-NaCl 
melt. Thus introduction of 30 g of 1 , 4 -dihydroxynaphthalene and 28 g 
of phthalic anhydride into an AlCla-NaCl melt {2iS g:47 g) at 200° an 
heating for one hour at 230-240® results in the production of 1,4-di- 
hydroxy-2,3-benzanthraquinone 

«1L Bohon, C. Smt, Bnd A. Ziaka, Mnmth., 41, SSI-m (Ittl); /. CAcm. Boe. Abf. M 
(IRI). ^ 

* Gennaii P* 298>4S (1917) to Farbonf»brik«i vcirm Friedr- Bayrt: ft Co. I C. Z*, **» 

« L. F. FIomt. /. Am. C/urm. Soc., 53, 3549-3590 (1991). 

■•H. JUudnlta, Ber., 12, 509-513 (1999). 
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^0 OH o OH 

«■> 0? c(X» 

OH O OH 

At lower temperatures the use of an AlClB-NaCl melt results only in 
the production of the keto-acids. The addition of 66 g of phthalic anhy- 
dride and 44 g of o-cresol to a melt of 600 g of aluminum chloride and 
120 g of sodium chloride at 120-130° yields a mixture of isomeric keto- 
iiridb. However, if the reaction mixture is heated at 165“, the product 
IS a mixture of the corresponding anthraquinones.®^ Similarly, pyro- 
catechol and phthalic anhydride heated at 110“ with a fused mass of 
AlCla-NaCl yields the keio-aeid and not hystazarin, the corresponding 
ttiilhraquinonc 

o 

cY . f- or Y:r“ 

coon 


The rondensation of phthalir anhydride with phenol in the presence 
of aluminum chloride ami in the absence of solvent gives phenolphthalein 
if the phthalic anhydride and aluminum chloride are used in molecular 
proportions, and the phenol is in slight excess. The use of zinc chloride, 
a milder catalyst, gives better yields,®^ indicating that possibly phthalide 
formation is a function of reduced catalytic activity. Anhydrous ferric 
chloride, however, gives poorer yields than cither the aluminum or zinc 
chloride, and result*^ in u contaminated product. Using tetrachloroethane 
as a solvent, phenols yield hydroxybenzoylbenzoic acids. 

As in other Friedel-Crafts reactions, cleavage of alkoxy- groups may 
occur during condensation of phenol ethers with phthalic anhydride, 
c^choll and Seer observed that p,p'-dihydroxybiphcnyl and p,p'-dimeth- 
‘‘xybiphenyl both yield 4,4'-dihydroxy-3-(2"-carboxybenzoyl) -biphenyl 
when reacted with phthalic anhydride. On further heating of the reaction 
^uxture to 130-136°C there is formed the dibasic acid, 4,4'-dihydroxy- 
,•1 -bis- (2"-carboxybenzoyl) biphenyl. The loss of a methyl group has 
alE^u been noted with the naphthyl ethers. Whereas a-methoxynaphtha- 
/inc gives a 91 per cent yield of 2- (4'-methoxynaphthoyl-r) -benzoic acid 
in tetrachloroethane as a solvent the use of carbon disulfide as solvent 
results also in formation of the corresponding demethylated product.*® 


" P- »*nncr, J. prakt. r/inm , ISO, 148-152 (1088); C. A., 12, 4878. 

^ lliiiilinll p ^ Walilumiiii (lu 1. G.); C. A., 31, 8881. Compare with work of 

(1821): r. A . r — 

K 5 - Sr » h 1001-1103 (1011) 

a. Diet*. / Chem. Soc , 51, 1 

C. Beer. mnA A ai 


, 15, 2882. 

•a. "5*' 5'oc - 51, 8H1-314B (1029). 

Bwr. Md A. Ziiike, Mwatuh,, 41, 888-802 (1021). 
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Table 25. 


PhHud or Ethar 

Product 

Ref 

Phened 

2* and 4'-hydroxy-2-benioylbenaoic adds 

1 

p^Halogeno-phenol 

5'-halogeno-2'-hydroxy-2-benzoylbenzoic acid 

21 

p-Ghlorophenol 

4-chl oro-1 -hydroxyanthraquinone 

10 

p-Creso] 

l-hydroxy-4-methylanthraquinone 

17 

o-Cresol 

2-hydroxy-3-methyl-, 1-me thy 1-2-hydroxy-, and 



l-hydroxy-2-methyl anthraquinones 

17 

o-Oeaol 

4'-hydroxy-5'-methyl-2-benzoylbenzoio add 
2'-hydroaiy-3'-methyl-2-benzDylbenzoic add 

1 

m^Cresol 

2'-hydroxy-4'-inethyl-2-ben8oylbenzoic acid 
4'-hydroxy-6-methyl-2-b6nzoylbenzoic add 

1 

p-Crosol 

2'-hydroxy-5'-methy]-2-benzoylbcnzoic add 

1 

7 >-Chloro-o-cre 80 l 

1 -hy droxy-2-me thyi-4-chloroanthniqu inouc 

17 

p-Chloro-fn-cresol 

2'-hydroxy-4-methyl-5'-chloro-2-benzoyl- 



benzoic add 

1 

Pyrocatechol 

h 3 rstazarin 

2 

Pyrocatechul 

3^,4'-dihydroxy-2-bGDzoylbenzoic acid 

16 

Hydroquinonc 

quinizarin 

20 

Pyrogallol 

anthragallol 

2 

a-Naphthol 

hydroxynaphthacenquinone 

2 

^-Naphthoi 

yellow compound, CuHioOi 

2,4 

4,4'-Dihydroxybipheiiyl 

4, 4'-dihy droxy-3- (2^-carboxybenz oyl ) bi phenyl ; 

4 ,4'-djhy droxy-3 ,3'-bi8 ( 2''-carb oxy benzoyl ) - 
biphenyl ; or 4,4'-dihydroxy-l,l'-bianthra- 



quinonyl at hi^ tempf^ratures 

3 


coon 



3,3'-DihydroxybipheDyl 


2,7-DihydrozyDaphthaleiie 
1 ,4-Dihy droxynaphthalene 
1 ^Dibydroxynaphthalene 
Bireeorcinol 

1* or 2 -Hydrcn 7 *aiitliracenea 
Leucoquinizarin 

Aniflole 

Chloroanisole 

Veratrole 

PyrogaJiol trimethyl ether 

2,6-DimethoxytoIueDe 

p-Dimethcaybipheny] 
Diphenyl ether 
Aryloxyalkyl halides, 
phenoxyethoxyethyl 
chloride 
3 »-ToIyI ether 



a dihydraxybenzanthraquinone 

l,4-dihydroxy-2^benzanthraqiiiiione 

745-dihydroxyhcxaccne-5,103>13-diquinone 

2,4^,4'-tetrahydroxy-l,r-biaiithraquiQonyl 

hydroxyquinoncs 

1 ,4,6^tetrahydroxy-2,3|67-ciibeiizanthrB- 
quiaone (?) 

4 -methoxy-2-benioyJbenEOic add 
S'- or 5'-chloro-4'- or 2'-hydroxy-2-beii«oyI- 
benzodc add 

3',4'-dimethoxy-2-bcDzoylbeiizoic acid 
2'^',4' (or 3',4',5')-triinethQxy-2-beiizoyl- 
bensoio add 

2'4'-dimethoxy-3'-methy]-2-benaoylbenzoic 

add 

same products as for p-dihydroxybiphenyl 
4'-phenoxy-2-beiizoylbenzQic add 

4'- ( /9-chloroethcncy ethoxy )-2-benBoylbenaoic 

acid 


2-(2'-carboxy benzoyl) -4-9nethylphenyl 

4-iQethylphcnyl ether 


23 


2 

20 

24 

3 

2 

2,4 

8.9 

IS 

10 

11 

12 

3 

13,14 

22 


15 
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Phmol or Ethtr 
/S-Meihozynaphthalene 
o-Methoxynaphthalpne 


2-MethD3sy-l-meihyl- 

naphthalene 


Table 25— Cem^tnuedl 

Product Rpf. 

2-(2'-hydroxyiiaphthoyl-r)-beiuioic acid 4 

2-(4'-methoxynaphthoyl-r)-beiizoic acid 5,6 

2- U -hydroi^aphthoyl-r) -bcuazoic acid 
[note 6 givefl both; note 6 only the meth- 
oxy- compound] 

2- ( 2'-methoi^>l'-meihylnaphthoyl^' ) - 
benzoic acid 7 


1 F. Ullmcnn and W. Rrhmidt, Ber., 52, 20M-2118 (1910). 

2 Gorman P. 208,845 (1015) tn Farbenfabrikon vmm F. Davpi To ; r Z , 1017, TT, 200 

3 R. Scholl and C. Beer, Ser., 44, 1001-1108 (1011). 

4 L. F. Fifwv, /. Am. CKsm. Boc., 53, 8545-3060 (1031). 

5 L. F. Fieser and E. M. Dietx, /. Am. Chnn. Spc.. 51, 8141-3148 (1020). 

0 n. BchoU, C. Beer, and A. Zinke, MtmaUh., 41, 683-002 (1021). 

7 n Scholl and W. Neuberffn*, Monat%h , 33, (1012). 

0 C NourrlBBon. Bull. toe. cAim., 45, (2), 208-208 (1885); /. Chem. Boc. Aba., 50, 1020 (1886). 

R E B. Barnett, N F. Goodwev, and L II. W. Savacp. Ber , 64, 2185-2104 (1081). 

10 K Lagodnniki, Ann., 342, 00-111 (1005). 

11 W H. Bentipy and C. Wmxmann /. Chvm Sor.. 93, 435-488 (1008). 

12 P C. Mitter and H. Suwaa, /. /ndinn Chrm. Boc., 7, 830-841 (1030): Brrf. CAem. Aba.-A, 

225 (1031). 

13 E B. Bamett and N F. Goodwnv, Brr., 63. 3048-3051 (1030). 

14 H Kipper, Brr., 38, 2400-2403 (1005). 

15 J Rsilly and P. J. Drtimm. / Chrm. Boc, 2814-2810 (1027). 

10 Opnnan F. 042,710 (1087) tn liana in^aldmniiii (to I. Q ) . C. A., 31, 8201. 

17 H. Waldmann and P. Bellner, J. prakt chrm., ISO, 145-152 (1108); C. A., 32, 4578. 

18 M. Hayaahi, /. prakt. Chem. (2), 123, 289-312 (1020); Bnt. Cbetn. Aba.-B, 80 (1080). 

ID n Waldmann and W. HartiBcli. J prakt rbrm. (2), 130, 03-102 (1081); Bnt, Chem. Ab«.-A, 

M5 (loan. 

20 H. Raurinita, Ber., 12, 800-518 (1020) 

21. Britieh P. 14.054 (1011) to F. ITllmann; /. TArm Aha.. 105 (I). 1055 (1015). 

22. U B P. 2.132.571 (1085) to H A. Bninon and J. W Enatea (to RAhm ft Haaa Co.) ; Britiah P. 

^ ^500, 801 (1080) to Rfihm ft Haaa Co. 

23 8 Dutt, /. CArm. Boc., 1171-84 (1026) 

24. E. Clnr, Bar., 72, 1817-21 (1039); C. A , 34, 753 


^-Mpthoxynaphthalene with aluminum rhloride yields 2-(2'-hydroxy- 
naphthoyl-r) -benzoic acid in tctrachloroethane solution.®’^ 

Condensations of phenols or phenol ethers with phthalic anhydride and 
aluminum chloride arc listed in Table 25. Production of quinones indi- 
cates the use of higli temperatures or fusion with an aluminum chloride- 
f^odium chloride melt. 


Aromatic Ketones and Carboxylic Acid Deriyatives 

Both the keto- and the carboxy- groups have an inhibiting effeot on 
l^'riedH-CraftB condensations. However, this effect becomes less apparent 
'vilh increasing aromaticity. 

1 nioles of phthalic anhydride seldom add to one mole of benzenoid 
j>drncarbon or its derivatives, whereas diacylation occurs often in con- 
^ ^‘^I'^ations of acyl halides with polyalkylated or polyhydroxy- benzenes, 
polynuclear hydrocarbons.* In reactions with acyl halides, intro- 
of one acyl group prevents introduction of a second acyl group 
pss the aromaticity of the product is sufficient to activate further 
phthalic anhydride reaction products, hovrever, there is the 
ubined inhibiting effect of a keto- group and a carboxylic acid group, 
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fio that tlio addition of two moles of the anhydride is not so common 
Disubstitution is also hindered by the fact that an excess of phthahe 
anhydride may lead to phtlialides, and that the use of extreme conditions 
may result in ring closure of the primarily formed koto-acid. 

Instances of reaction of phthalic anhydride with keto- or carboxy- 
compounds which have been reported deal with highly aromatic deriv- 
atives. Condensation of dihydroxy-1, 4-dihydronaphthacenequinonp iviih 
phthalic anhydride and aluminum chloride, followed by cyclization villi 
AlCla-NaCl yields a hcxacene derivative.*’* Leucoquinizann in tlic pres- 
ence of aluminum chloride at 250° yields what is probably 5,6,12,14- 
tetrahydroxypentacene-6,13-quinone.** Dibenzanthrones having positions 
2:2' free may be condensed in the presence of aluminum chloride nr 
AlClg-l-SbCls with phthalic anhydride to give vat dyes.**** 

A vat dye has been claimed as product of the reaction of (carboxy- 
benzoyOpyrene and phthalic anhydride in cquiniolecular proportions at 
a raised temperature in presence of aluminum chloride or an AlCly-NaCl 
melt.” 

3-Benzoylpyrcne with phthalic anhydride and AlCli-NnCl yields a 
mixture of the following ring ketones 


o o 



Condensation of phthalic anhydride may occur with a hydroxy- or 
methoxy- derivative of an anhydride of a highly aromatic acid. By heol- 
ing a mixture of 3-hydroxynaphthalic anhydride and phthalic anhydiitlc 
with aluminum chloride at 260°, reaction is effected to yield whal is 
probably 4,5-biB(2'-carboxybenzoyl) -3-hydroxynaphthalic anhydride 
Reaction under milder conditions yields an intermediate product, piou- 
ably 4- (2'-carboxybenzoyl) -3-hydroxynaphthalic anhydride.” 


Esters of benzoic acid do not condense with phthalic anhydride; ho*^' 
ever, the presence of a hydroxy- group in the nucleus of the ester mav 
enable reaction to occur. Heating for three to four hours at 125° ® 
ture of 10 g of phthalic anhydride, 10 g of methyl salicylate, and 25 R " 


C. Manebilk, BM. (oe. cMm. (S) S, SM-MM (inS): C. A., 32, 4(74. 

"•L.r. /. >(in. CAem. SM.,SS,SI46-n40(lHI) ^ , iia ONT) tl 

"U. S T. I.H84n (IW) to W. H Weui (to dtt Pont); Snt. Chtm. -■• **|*/*’^ 

U. a P. SJU,m-7 (IW) to W. n. Iofud (to du Pont): Snt. Chm. Ah* -B, IIB (inr). 

" Brit P. 4M^ (1V87) to Bor pour I’lnd, chlin. o Brie; C A,, 12, 797. .... 20 

«>lt Behofl, K. Meyer, and J Ponat. Bet . 7Q, 21B0-9189 (1987); Bnf. Chm- (lUr 

^CknoAn P. 809,101 (1984) to A Rioohe; C. A., 29, 815. 
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aluminum chloride in 50 cc of tctrachloroethane yields 3'-carboxy-4'- 
hydroxy-2-bcnzoylbenEoic acid: 

CO 

phthalionhydrido^ YVCOOH 

COOH 

Ester hydrolysis also occurs in like reaction with the methyl ester of 
2-hydroxy-3-methylbenzoic acid, the product in this case being 3'-car- 
box>^-4'-hydroxy-5'-methyl-2-benzoylbenzoic acid.®^ As has been already 
noted, condensation of phthalic anhydride with phenols and phenol ethers 
occurs with introduction of the keto- group in the ort/io-position to the 
hydroxy-; with esiers of hydroxy- acids, however, addition takes place 
para- to the hydroxy-, and not ortho- to a hydroxy- or a carboxy- group. 

Nitrogenous Compounds 

Nitro- compounds. — Although nitro- derivatives of hydrocarbons ordi- 
narily undergo Friedcl-Crafts reactions only when there is also present 
in the nucleus sufficiently activating groups to counteract the inhibiting 
effect of the nitro- group, or when the nitro- group is a substituent in a 
highly aromatic compound, nitrobenzene has been shown to react with 
tetruchlorophthalic anhydride. 2-(Nitrobeuzoyl)tetrachlorobenzoic acid 
(m.p. 242-5^) is secured by adding aluminum chloride to a mixture con- 
sisting of 20 g of the anhydride and 300 ce of nitrobenzene and boiling 
for three hours.**® A like reaction has not been reported with phthalic 
anhydride. 

Another phthalic anhydride derivative which has been condensed with 
a iiitro- derivative of benzene is 3,5-duncthoxyphthalic anhydride. Heat- 
ing lit 75° for twenty hours a mixture consisting of 10 g of 3,5-dimethoxy- 
phthalic anhydride, 35 g of o-nitro-m-cresol, and 20 g of aluminum chlo- 
ride results in a 62 per cent yield of 3,5-dimethoxy-2- (4-hydroxy-2- 
meihyl-5-nitrobenzoyl) benzoic acid.®® 

Aryl amines. — In 1894, Haller and Guyot reported that the reaction 
nf dimethyl- or diethylaniline with phthalic anhydride and aluminum 
chloride in carbon disulfide leads to the formation of the corresponding 
dialkylamidobenzoic acid. Treatment of 45 g of the anhydride and 37 g 
(d dimethylaniline in 200 g of carbon disulfide with 40 g of aluminum 
rhloride and boiling until evolution of hydrogen chloride had ceased has 
been reported by Limpricht®* to result in a 70 per cent yield of 4'-(di- 
iu(*lhylamino)-2-benzoylbenzoic acid, according to the scheme: 

u ^ H. C. Riiy. /. Ind. Chem. Soc., 9, 247<IM (1032); C. Z.. 1932, U, 8232. 

^ A. Uofmwm, MonaUh., 3i, 806-884 (1916); C. Z , 1916, 1, 106. 

U- GiavM ttnd R. Adami. /. Am. Chem. 8oc., 45, 2480-2465 (1023). 

A- Camvt. rend., 119, 206-207 (1804); /. Chem. Seo. Ahs., 68 (I), 002 (1804); 

rend.. 126, 1848 (1808). 

H- Limprieht, Ann., 800, 288-130 (1880). 
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N(CHi)i 


ax> 


N(CHi)s 


COOH 


CTondensation of benzyleiliylaniline under like conditions yieldi) 
4'- (ethylbenzylainino) -2-benzoylbenzoic acid 


o 

II 

c 


ax>< 


Hi . CsHi 
sHi 


The reaction of polynuclear amines takes a similar course. 
tbylamine adds normally to phthalic anhydride in an AlClg-NaCl nn*lt 
kept at 110-115° to yield an aminonaphthoylbenzoic acid.^®® Attempts 
to react 2-amino-l-mctliylnaphthalenc, or its acetyl or phthaloyl drriv- 
ativeSj with phthalic anhydride and aluminum chloride in carbon disulfide 
have been reported to be unsuccestsful.’®^ 

Kranzlein^®^ has been successful, however, in preparing kcto-acid.s 
from a number of polynuclear amines and phthalic anhydride reactants 
with an AlCla-NaCl melt at temperatures of 110-120°. Further hcatinp 
at about 150° results in ring closure. Thus, 90 g of 4-aininobiphenyl were 
introduced with stirring into 1200 g of an AlCla-NaCl melt heated to 
120°. Upon cooling to 110°, 80 g of phthalic anhydride was graduallv 
added; during the addition, the temperature was not allowed to exceed 
120°. The reaction mixture is then heated for fifteen minutes at 120° 
for the production of an almost quantitative yield of 4 "-amino- 4 '-phpnyl- 
2^beDZoylbenzoic acid. If heating is continued for an hour and forty- 
five minutes longer at 150-155°, ring closure occurs, with formation of 
2-(4-aminopbenyl)anthraquinone. The yield of the crude quinone 
83 per cent, but only a 45 per cent yield of the pure compound could be 
secured. The reaction occurred according to the scheme: 



O-O”"" 


ha fl) 

•A. Hdw ud A. Oiiyot, BM. tac. eWm. ^ A lU-n4 (IMI), /. CAm». Boc. Abi.. •» i '• 
(1101)1 Omu P. lU,m to Bm. Bt Dtoli. 0. Z,rvm, n, M. „ » T fl ) C 4 . 32. 

"•Omamn P. 010^10 to G. Knultia, A. Wolbmai, L. Bohatnii, ud W. BIm (to I- « ) • ^ 

*•1. Bdtoll, W. NMibwav, W. Tritioh, ud J. Pot«dilinniHb.|, ifOMith., A •W-*** 
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o 

II 

f- 


'xA 




COOH 





NIU 


In this way the following coinpoiindH were prepared from the indi- 
rut ed aryl amines: 


Aryl Aminii 


Product 


%Yiddof 
Pure Produet 


3-Me thyl-4-^iniD obiphenyl 

3-AiniiiophenanihrcTi n 
2-Ammofluorcnc 
2 -Ammochi 7 Benp 
S-Aminopyrene 


2- ( 3-ni e thy 1-4-Aminopheny] ) - 
anthraauinone 

3- aminophthalylphenuithrene 
2-am inophthalylfl uorene 

2- ainin ophthaly Ichrysene 

3- ainiiiophthaly]p3TCnc 


00 

60-55 


Like condensations could not be effected with cither m-tolidine or 
benzidine, probably because the 4',4'-po5itions of these compounds are 
orrupied. 

Amides.^ The ])rcparation of amino-substituted kcto-acids may also 
he readily effected by interaction of acetanilides with phthalic anhydride, 
and hydrolysis of the resulting acetamido- compound. When reaction is 
effected in solution, the use of a suitable solvent is of extreme importance. 
Carbon disulfide, ether, benzene, nitrobenzene, and sym-tetrachloro- 
cthane have all been investigated as solvents; the last gives the best 
results. 4- Acetamido-], 2-dimethylbenzenc with phthalic anhydride in 
tetrachloroethane solution in the presence of aluminum chloride at 100° 
for one hour gives a 68 per cent yield of 2'-acetamido-4',5'-dimethyl-2- 
benzoylbenzoic acid*®*; 



H 



Analogously, acetamido- keto-acids were prepared from 2-acetamido- 
'‘5’6,7,8-tctrahydronaphthalene, 5-acetamidohydrindene, and m-aceto- 
fohiidine in 46, 61, and 40 per cent yields, respectively. In every case 
™ phthalic anhydride residue entered ortho- to the acetamido-group. 

closure of the keto-acid from 4 -acetamido-l, 2 -dimethylbenzene was 
easily effected by heating with sulfuric acid, but at the same time there 
a 10 per cent conversion to lactam. Similar treatment of the other 

"" P STwldB. Bar., IP, IWI.1III (HIT). 
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keto-arids resulted in sulfonation, and heating with hydrorhloric acid led 
to lactams. 

The preparation of ammohydroxyauthraquinonrs has been rlaimrd 
by heating phthalic anhydride with an aniiduphenol or its ether with an 
AlCls-NnCl melt at 100°, hydrolysis of the resulting ainido kcto-acid, 
and cyclisation by treatment with sulfuric acid.^®* The following prepa- 
rations are described: 


Amldophenol or Ether 

2,2'-Dimethozydiphenyhiroa 
l-BenzaiDido4-phonol 
Fhosgenated l-ainmo-3-rhloro- 
O-methoi^beiuseD e 
PhoBgenated l-a^lina-^-Inc1h^l- 
6-mcthoxybenzene 


ProduEt 

2 -aniino^hydroxyanthraqiiinonr 
l-ainiDO- 4 -hydroxyanihraqiiin oik 
l-h>droxy-2-aiiiiDO-4-rhloi o- 
aDthraquinone 

1 -h vdroxy-2-ainin o-4-ni 0 thy I- 
anthraquinone 


l-Aretamido-3-methyl-4-hydroxybenacnp heated with phthalir anliA- 
dride for ten minutes at 110° in an AlCla-NaCl melt gives a 64 per rpiil 
yield of 2'-aretamido-4'-methyl-5'-hvdroxy-2-benBoylbenzoic acid*®®; 


H 



Similar treatment of 4-acetamidobiphenyl results in an 87 per cent yield 
of 4''-amino*4'-phenyl-2-benzoylbenzoir arid *®® 

nitrogen Ring Compounds. — ^Ring compounds of nitrogen are gener- 
ally resistant to Friedel-Crafts reactions In the absence of a catalyst, in 
an inert diluent, phthalic anhydride reacts with picoline or quinaldine to 
yield phthalones, condensation probably taking place through the nietliyl 
group of the N>ring compound and the oxygen of the phthalic anhy- 
dride.*®* 

Jepheott reports that {ihthalic anhydride with aluminum chloride 
and various addition compounds of pyridine and quinoline shows no 
reaction. 

Condensation with production of kcto-acids does occur with more 
highly aromatic ring compounds of nitrogen. Thus, phenanthndone 



BntUi P. mjm (igso) to I. a. PulmuidiBrtri*, Bnt Cham. Ab* -B, W (IHI), 

in. CtaraMB F. aw,tw (ini) to i. o., c. z.. »«, n, ibt. 

■■P. Knmilaiii. Bar., n. MS-MS (inS) 

B. P. l,MI,n4 (im) to Notunal AnObio Hid Chamiool Co.; R. Son ud F 
IH-lfl (UK), ’ ' ' 

>«0. M. J«lMOtt, /. dm. Cham Boe., M, lIB-ltn (IHI); C. A., 21, IMS. 
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condenses with phthalic anhydride in the presence of alunainum chloride at 
180-230° to give two isomeric (carboxybenzoyl)phenanthridones,^°” and 
carbasole is so reactive that the condensation, with or without a diluent, 
leads to the introduction of two phthalic anhydride residues, with pro- 
duction of 3j6-bis(2-CBrboxybenzoy])carbBzole 



u 

Replacement of N-hydrogen also occurred, with formation of some 9-(2- 
rarboxy benzoyl) -carbazole. 

The condensation with N-methylcarbazolc also yields mono- and 
di-substitution.^^'* In benzene solution the main reaction product is the 
monobasic acid, together with the di-substituted derivative. Since no 
N-hydrogen is available, it was assumed that the product had the struc- 
ture; 



I iiuoc 

CUi 


3,6-Bi6(2-carboxybenzoyl)-9-methylcarbazole was the main reaction 
product when condensation was effected in carbon disulfide solution. The 
use of equimolecular quantities instead of two moles of phthalic anhy- 
dride tends to increase mono-substitution.*** 

Treatment of 9-ethylcarbazolc with ])hthalic anhydride and aluminum 
rhlnridc in nitrobenzene solution has been claimed to yield 3,6-biB (2-car- 
uoxybcnzoyl)-9-ethylcarbBzule.**^ It has been reported, however, that 
the use of nitrobenzene as a solvent gives only a 38 per cent yield of the 
ibasic acid, and that reaction is more readily effected by gradually add- 


• (IW#) to I. a. Futbeninduntrie; Bril. Cfiem. Aht.S, 7U (IMS). 


(1111); /. rhiM. Soc. Abt., UO (I), MT (llll); 
2373 T>. R. Mitrhdl anil K O. P. Plant, /. Chum. 
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ing aluminum chloride to a mixture of 4 molee of phthalio anhydride and 
1 mole of O-ethylcarbaaole in 20 moles of ohlorobenaene.^” 

The condensation of phthalio anhydride with 2-aminocarbaEole or 
with 3-amino-9-ethyIcarbaaole at 110° with an AlCU-NaCl catalyst gives 
2-amino- and S-amino-O-ethylphthalylcarbasole in 66-70 per cent and 
52 per cent yields, respectively.*** 

Sulfur Compounds 

Thioethers. — ^Methyl phenyl sulfide has been shown to undergo addi- 
tion to phthalic anhydride. Treatment of a mixture consisting of 26 g 
of the sulfide and 15 g of the anhydride with 30 g of aluminum chloride, 
with subsequent heating for four hours at 80° gives 22 g of the methyl 
ether of 4'-mercapto-2-benzoylbensoic acid.*** 

CO 

+ i!£v fY Y\ 

''scii. XY' coon x^scHi 



Upon boiling for four hours a carbon disulfide solution of 22.3 g of 
diphenyl sulfide, 45 g of phthalic anhydride, and 48 g of aluminum chlo- 
ride, a 26 g yield of 4- (2-carboxy benzoyl) phenyl phenyl sulfide is 
secured.*** 


O'O' 




CV» 


"hOOC''^ / 




Ring Compounds of Sulfur. — In carbon disulfide solution, 18 g of 
phthalic anhydride condenses with 10 g of thiophene upon heating with 
27 g of aluminum chloride to give 5-7 g of 2- (2-thenoyl) benzoic acid 



Upon heating with sulfuric acid or with phosphorus pentoxidc, the acid 
is converted in small yield into thiophanthrenequinone. 


u*V. A. Iiaatrok-Mtlilnnko and N. a Tikhoaer, AnUmakroMe hn ailQ Pram., V*^',*** Wi 
ISSli Riwtaii P. IS, US (UM) to H. R TUtoor aid V. A. Ii^Myuk-Mofatnnko. v. » • 


IMP. Xiwulnn. Par., n, IMI-BU (IHS) 
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The condensation of 2,64hioxene with phthalic anhydride in nitro- 
benzene solution upon treatment with aluminum chloride at 0-5° given a 
62 per rent yield of 2-(2,6-dimpthyl-3-thenoyl)benzoic acid”*: 


C#® CHi 

COOH CHt 

Upon hoatinp with sodium chloride and aluminum chloride, conversion to 
2j-dirapthyl-j8-ihiophanthrenequinone occurs. 


o 



rn, 


n 


2,3-Fhihalylthianapliihenes are obtained by condensation of thia- 
naphthenes with phthalic anhydride or its derivatives in the presence of 
aluminum chloride, and subsequent ryclization by treatment with thionyl 
chloride and aluminum chlorido.”" Thinnaphthene is not completely 
stable against aluminum chloride, so that yields arc low. Thus, upon 
gradual addition of thianaplithcne in nitrobenzene solution to a cold mix- 
ture of phthalic anhydride and aluminum chloride in nitrobenzene, and 
subsequent stirring for tlirce days, only a 35 per cent yield of 2-(2-thia- 
naphthenoyl) benzoic acid is secured 


HOOC 



o 


Better results are secured with substituted thianaphthenes. Like 
9 f of 4-methyl-6-chlorothianaphthene gives a 62 per cent yield of 
• (4-methyl-6-chloro-2-thianaphthenoyI) benzoic acid. 

Jbbenzothiophene has been converted with good yields into the corre- 
sponding keto-acid. Treatment of a suspension of 92 g of dibenzothio- 
0 82 g of phthalic anhydride with 150 g of aluminum chloride at 

rcRulte in the production of 135 g of crude 2- (2-dibenzothenoyl) ben- 
zoic acid 


201 , 
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Chm. Abt-k, IW.O"')- , 

Clkcm., 3 . IM-ll* (»«*)! C- ^ - **• *"• 



542 


ANHYDROUS ALUMINUM CHLORIDE 


o 



The behavior of dibenzothiophenc thiia differs from that of carbazole, its 
nitrogen analog, in that carbazole adds to two moles of phthalic anhy- 
dride, giving the dicarboxylic acid.*’‘’ 

Thianthrene gives a iiiixtnre of mono- and di-substitution products 
When a carbon disulfide solution of 4 g of thianthrene, 6 g of phthahr 
anhydride, and 10 g of aluminum chloride is heated for eight hours theic 
is obtained a mixture consisting of 3.4 g of 2- (2-thianthrcnoy1) benzoic 
acid (1) and about one-fourth that amount of 3,B-bis(2-caTboxybenznvl)- 
thianthrene (II). 


8 r#® s noor 



(1) (II) 

The yield of the diearboxylie arid i.'* increa.scd to 4.5 g when tln- 
anthrene is treated with about 3 parts of phthalir anhydride, and the 
boiling continued for 24 hours. 3,8-Dimcthylthianthrcne and 5 part.s of 
phthalic anhydride treated for about two hours at 60-100“ with 10 parts 
of aluminum chloride and then heated for seven hours at 1(X)-104° gives 

a 73 per cent yield of 2,7-bis(2-carboxybenzoyl)-3,8-dimethylthianthrcne 

Phenothiazine gives a dibasic acid, the two entering groups being 
introdured in the p-positinns with respect to the iinino- group, and a 
small amount of a tribasic acid in which the carboxybenzoyl residue H 
also attached at the nitrogen. Reaction was effected by boiling undei 
reflux for six hours a solution of 2 g of phenothiazine, 4 g of phtlialie 
anhydride, and 5.5 g of aluminum chloride. There was secured iin 0 8 g 
yield of 3,7-bis(2-carboxybenzoyI)phenothiazine which, upon ring clnsun 
with sulfuric acid, yields 3,2:8,7-diphthalylphenothiaeine 
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The poor yield of the keto-acid was ascribed to the fact that the alu- 
minum chloride became embedded in the viscous reaction mixture. When 
the condensation is effected without a solvent at 105 the closed ring 
compound is obtained directly. 

N-methylphenothiazine under similar treatment gave only disubsti- 
tution. 

Oxygen Ring Compounds 

Condensation of dibenzofuran with phthalic anhydride and aluminum 
chloride has been reported to result in the formation of a keto-acid, prob- 
ably 3- (2-carboxybenzoyl) dibenzofuran 




iiooc 



c 


II 


0 


Fusion of 3-aminodibenzofuran and phthalic anhydride with an AICI3- 
NaCl melt for tliirty minutes at 115° and then for li hours at 150° leads 
lo the production of the closed ring compound, 3-aminophthalyldibenzo- 
furan in 40 per cent yield. 

Dibenzodioxane^or its mono-chloro- derivative has been claimed to 
condense with phthalic anhydride to give the corresponding keto-acids. 
A-ddition of aluminum chloride to a solution of dibenzodioxane in chloro- 
benzene at 10-15° gives a 98 per cent yield of 2-dibenzodioxanoylbenzoic 


Substituted Phthalic Anhydrides 

Halogenated Phthalic Anhydrides. — These derivatives of phthalic 
anhydride have been employed frequently for the preparation of halo- 
Rpnated keto-acids. In 1870 von Pechmann reacted bromophthalic 
*^nhydride and benzene with aluminum chloride to obtain what he called 
^“hromobenzoylbenzoic acid. Stephens has pointed out that von Pech- 
\ised a mixture of anhydrides and should have obtained four acid 
products. He considered the product obtained to be 2-bromo-6-benzoyl- 




m U1.4U (1907); C. A., 1, 2379 
W-9n5 (1918). 

B. WwhM mid W. IScknrdl . 

1956 (1921). 
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beoEoic Boid. UsiiiK pure reactants, Stephens observed that 3-bromo- 
phthalic anhydride with benzene and aluminum chloride gave only 
2-bromo-6-benzuylbenzoic acid, whereas the 4-bromo- derivative gave 
about equal amounts of 3-bromo-6'benzoylbenzoio acid and 4-bromo-2- 
benzoylbenzoic acid in a total yield of 97 per cent. In the presence of 
acetic anhydride, a condition which is favorable to diphenylphthalidc 
formation,^’"' it was noted that the 3-bromo- anhydride did not form a 
diphenylbromophthalidc, whereas the 4-bromo- anhydride gave two such 
derivatives. 

Waldmann and co-workers^”** extended tlie reaction with 4-bromo- 
phthalic anhydride to prepare derivatives of bromobenzene, chloroben- 
zene, naphthalene, and chloronaphthalenc, and they secured 4,4'-dibronio- 
2-benzoyl-, 4'-chloro-4-bromo-2-benzoyl-, 4- (or 5l-bromo-2-naphthoyl-, 
and 4'-chloro-4-(or 5) -bromo-2-naphthoylbenzoic acids, respectively. In 
an analogous manner derivatives were prepared by reacting 4-chloro- 
phthalic anhydride with bromobenzene and chloronaphthalene. Products 
of the reaction between chlorinated phthalic anhydride and chlorobenzene 
may be further treated to produce chloroaininoanthraquinones and iudan- 
thrones.^** 

Treatment of 3-hydroxynaphthalic anhydride with 4-chlornphtlialic 
anhydride is claimed to give a chloro-4,5-phthaIyl-3-hydroxynBplitliHlic 
anhydride, useful as a dye intcnnediate.*”^ 

Upon addition, in one portion, of 85 g of aluminum chloride to a mix- 
ture of 60 g of finely powdered 3,6-dichlurophthalic anhydride and 250 g 
of benzene, allowing the reaction mixture to stand for two hours, heating 
on an oil-bath for four hours while the temperature increases to 00' , iiiid 
tlien holding it at that temperature for two to three hours, a 97.3 per 
cent of theoretical yield of crude 3,6-dichloro-2-benzoylbenzoic acid 
(m.p. 165-166°) is obtained.'”” Like reaction with 3,4-dichlorophtliahc 
anhydride gives a 06 per cent of theoretical yield of 3,4- (or 5,6-) di- 
chloro-2-benzoylbenzoic acid; with 4,5'dichlorophthalic anhydride, a 
98 per cent yield of 4,5-dichloro-2-benzoylbcnzoio acid is similarly 
secured.”" 

3,6-Dichlorophthalic anhydride with toluene and aluminum chloride 
in carbon disulfide yields 4'-inethyl-3,6-dichloro-2-benzoylbenzoic acid, 
m.p. 156“.””* 

Diiodophthalic anhydrides condense readily with benzene to give the 
correspondingly iodinated benzoylbenzoio acids.”" Reaction is effected 
by refluxing for 24 hours a mixture consisting, of 5 g of the diiodophthalic 
anhydride, 3.65 g of aluminum chloride, and 40 ml of benzene. The indi- 
cated anhydrides thus give the following keto-acids: 


>»H. vm IWmuiw. Btr., M, IM-IMT ( 18 U). . , . , 

i»U. Waldmaim, /. fnkt. dhem., US, H-H (ISM). H. Wildium tad H. 

Vhem., Ua SS-71 flHO). H. WsIdniHm aiid Q. Staakal, /. praSt. Ohm., 1J7, ,„,i 

BriUrii P. lU,Sn (IMS) to J. ThoniU, R. F, Thonnu, W. Smith, mnd Impmal ChMn. U" 
C A Urn MM9 

P. I«,101 (1SM> to A. RiMbsi C. A., il, SU. v 

■mp. Ullmun Hid O. ]Mlii|, Ann., m, ll-U (1111): c/. A. U Rovn, Ann., US, SM-Ml (IMO- 
VdligH, Btr.. 0, SHS-I54S (MSS). 

A. Le Royer, loe. nt. ; V. VllIiiMr, ioe. eti. 

»■&. W. Biffi— Hid C. M. Botar /. Am. Ohm. Boe, «. SSSS-MH (MSS). 
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- t ^ n ^wmyn ^n 

■eidMciirad m.p. CC) % Yield 

2- beiuoyl-4|6- 344-4 80 

3- beiuoyl4,4-(7) 228-4 65 

2-beiuoyl-3,6- 218-220 60 


Ani^ole and the methyl ethers of o- and m-cresol were found to react 
readily with 4j5-diiodophthalic anhydride, but it was found impossible 
to bring about reaction between the anhydride and veratrole or chloro- 
veratrole.^** 

3,6-DichlorophthaIic anhydride and o-xylene in the presence of alu- 
minum chloride yields 3,6-dichloro-2-(2,3-dimethylbenzoyl) benzoic acid, 
m.p. 181*'. m-Xylene gives 3,6-dichloro-2- (2, 3-dimethylbenzoyl) ben- 
zoic acid (m.p. 164^) and p-xylene gives 3,6-dichloro-2-(2,5-dimethyl- 
bcnzoyl) benzoic acid, m.p. 152°.^^" Good yields of the dichlorodimethyl** 
bonzoylbcnzoic acids were obtained. 

According to Oraebe and Peier,^-*^ the condensation of 18 g of 3,6-di- 
chlorophthalic anhydride with 25 g of naphthalene and aluminum chlo- 
ride yields 8 g of 3,6-dichloro-2-a-naphthoylbenzoic acid, m.p. 207.5'’: 



More recently, Waldinann,^'''^ reacted 4,5-diclilorophthalic anhydride 
under like conditions and reported the ready production of 4',5'-dichloro- 
phenyl naphthyl kctone-2'-carboxylic acid, also melting at 207.5°. If 
the identical melting point is not a coincidence, either a migration of 
halogen during the reaction or a misnomer of the halogenated anhydrides 
used must be assumed. 

3,6-Dichlorophthalic anhydride with chlorobenzene and aluminum 
chloride yields 3,6-dichloro-2-(4-chlorobenzoyl) benzoic acid.’^’’ 

Although p-dichlorobenzene reacts with difficulty in Friedel-Crafts 
reactions, it has been condenssed with 3,6-dichlorophthalic anhydride. 
Upon heating 3.6 g of the anhydride with 250 g of dichlorobenzene at 
180° until solution occurs, subsequent addition of 50 g of aluminum chlo- 
ride, and heating at 200° for two hours, 3,6-dichloro-2(2,5-dichloroben- 
zoyl) -benzoic acid is obtained. It is converted upon heating with concen- 
trated sulfuric acid into 1,4,5,8-tetrachloroanthraquinone.^**^ 

In the condensation of p-cresol with 3,6-dichloro- or 3,4-dichloro- 
phthalic anhydride, the anhydride residue is attached to the carbon in 
ortho^ position to the hydroxy. Reaction of 3,6-dichlorophthalic anhy- 
dride with p-eresol and aluminum chloride in sj/m-tctrachloroethane gives 


IHP 05 J. 
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an 82£ per cent yield of 2'-hydroxy>5'-methyl-3,6-dichloro-SI-benBoyl- 
bensoie acid. With 3,4-dichIorophtbaIic anhydride, analogous oond^a- 
tion gives 2'-hydroxy-S'’methyl-3,4-dichloro-2-bensoylbensoio acid^^: 



Upon heating 4-chloro-m-cre8ol with 4,5-dichlorophthalic anhydride 
and aluminum chloride, 4,5-dichloro-2-(5-chloro-2-hydroxy-4-metbyl- 
bensoyl)bensoic acid is obtained.**^ 

Hydroquinone reacts with 3,6-diGhlorophthalic anhydride at 200° with 
a melt of AICla-NaCl to give an 84 per cent yield of 5,8-dichloroquiniza- 
rin ; the 4,5-dichloro- acid anhydride similarly gives an 80 per cent yield 
of 6,7-dichloroquinizarin.^*' 

In the condensation of tolyl methyl ethers with 3,6-dichlorophthalic 
anhydride, hydrolysis of alkox}'- occurs with p- and m-tolyl methyl 
ethers. Upon gradual addition of 300 g of aluminum chloride to a mix- 
ture of g of 3,6-dichlorophthalic anhydride and 100 g of p-tolyl 
methyl ether, and subsequent heating on a water-bath for eight hours, 

3.6- dichloro-2-[5(or 6) -hydroxy-2 (or 3) -methylbcnzoyl] benzoic acid wa.« 
secured. During the reaction, partial conversion to the correspond- 
ing quinone occurred. o-Tolyl methyl ether under like treatment yields 

3.6- dichloro-2-[3(or 2) -hydroxy -2 (or 3) -mcthylbenzoyl] benzoic acid. 
Similar reaction with m-tolyl methyl ether yields the unhydrolyzed prod- 
uct, 3,6-dicbloro-2-[4(or 2)-methoxy-2(or 4) -mcthylbenzoyl] benzoic 
acid. A small amount of a substance, apparently formed by the conden- 
sation of 2 moles of tiie ether with 1 mole of the anhydride, was also 
isolated.^** 

Dialkylanilines react with dihalogenated phthalic anhydrides to give 
the corresponding kcto-acids. Addition of 3,6-dibromophthalic anhydride 
to dimethylanilinc in carbon disulfide solution in the presence of alu- 
minum chloride occurs with the production of 3,6-dibromo-2-(4-dimethyl- 
aminobenzoyl) benzoic acid in 70 per cent yield.”*. Like reaction with 
diethylaniline gives the analogous keto-acid. 3,6-Dichlorophthalic anhy- 
dride with dimethyl- or diethylaniline under the same conditions gives 
the corresponding chloro derivatives.’** 

3,4,6-’IYichlorophthaUc anhydride heated with 6 to 8 parts of benzene 
and li parts of aluminum chloride yields 3,4,6- (or 3,5,6-) trichloro-2- 


W A. M. V. dcm. KoMbeefc wd F. Ollmsiui, Btr., Sa MM-IM (!«»). 
uQamaD P. 3a,4W (U15; to F. Ulliiuum; C. Z., IML I, aa. 
uiH. Wildnum and H. MalhiowtU, L CAmi.. ik ZM-IH (IHO). 

KtQ. M. WaUi and C. Wanmaon, /. Chm. Soe., W, W-Hl (lUO). . .m. 

^13. C. Brnriup Ann, Beimti. Untv, Jaaty, 4* Ul-IM; C. Z,, IftR, 1, 1111; Comp<. rtnd„ m i 

^S’c.^'Swwlii, Compt. rand., Ua 7» (UN); Bull. toe. cMm. ()), 21, SW, SW Und. (3>‘ 

A M (IMl). 
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bcnssoylbenEoic Since both the 3,4,6- or 3,6,0-trichloro- keto 

acida would give 1 ,2,4-trioIiloroanthraquinonc (III) upon cyclization with 
sulfuric acid, the structure of the kcto-acid was not established, but was 
assiuned to be either I or IT; 




Triiodophthalic anhydrides have likewise been condensed with ben- 
zene.*^'* From 3,4,6-triiodophthalic anhydride (0.061 mole), 18.1 g (0.136 
mole) of aluminum chloride, and 2(X) ml of benzene after 21 hours of 
refluxing was obtained 37 g of a crude mixture of isomeric keto-acids in 
practically equal amounts. The acids were assumed to be 2-benzoyl- 
3,4,6- and 3,5,6-triiodobenzoic acids, both having the empirical formula 
C1JH7O3IB. 

Condensations of tetrahalogenated phthalic anhydrides with aromatic 
compounds are summarized in Table 26. 

The presence of four negative substituents in tetrahalogenated phthalic 
anhydrides has a highly activating effect on their reactivity in Friedel- 
Crafts condensations. Good yields of the o-aroyl-tetrahalogeno-benzoic 
acida are obtained, and reaction proceeds with the formation of one acid 
produet. Accordingly, it has been suggested that the condensation affords 
a means of identifying aromatic hydrocarbons.^^® Further differentiation 
in melting points may be secured by conversion of the keto-acids into 
quinones. 

That tetrachlorophthalic anhydride is unusually active is evident 
from the fact that it has been condensed not only with p-dichlorobenzene, 
which is ordinarily inactive in Friedel-Crafls reactions, but also with 
trichlorobenzene 'and with nitrobenzene, two compounds which are even 
more resistant to condensations of this type. The reaction with 1,2,4- 
trichlorobenzene is effected by heating 30 g of the halogenated benzene 
with 15 g of the anhydride and 15 g of aluminum chloride for five hours 
at 150®. Condensation of tetrachlorophthalic anhydride with nitroben- 
zene is secured by addition of aluminum chloride to a solution of 20 g of 
the anhydride in 300 cc of nitrobenzene and subsequent boiling for three 
hours. 

Condensation of tetrahalogenated phthalic anhydrides with aromatic 
hydrocarbons and aluminum chloride and subsequent treatment with 
acetic anhydride yields phthalides.^"® Tetrabromophthalic anhydride 
heated for nine hours at 80® with aluminum chloride in benzene and then 


MB ^ Ber., 34, 2107-1118 (IQOl).' _ 

«R. W. lad c. M. Butw. /. Am. Chmn. Soc.. fl, 

Y* UnaWwood ftnd W. L. WiiWi. /. Am, Chem. ^oc,, ^ 

Md H. O. Oddy, /. Am. Chem. 8oe., 44, WJ-MO (IW2): C. A., li, 1870; c/. 
on DieQhwUMB of Friodd-Oraftfl rinotjau with phthslio anhydrida, p. 818. 
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BlfP* 

CC) 

Rpf 

C3iloro 

benpcne 

3,4»5i^tel^i^cl^lD>^2-benBoy]- 
W% yield) 

200 

1.2 

Bromo 

beniene 

3|4,5,6-tetrabrom o-2-benioyl- 

260-2 

6 

lodo 

bensene 

3,4,5,0-tetraiodo-2-bensoyl- 

230-1 

6, 12 

Chloro 

toluene 

3,4^,6-tetrBohlcH’o-2- (4-methy]- 
benioyl)- (64^0 yield) 

174Ji 

3 

Bromo 

toluene 

3,4ifif6-tetrabromo»2- (4-methyl- 
benzoyl)- (82% yield) 

212 

3 

lodo 

toluene 

3,4,6,6-tetraiodo-2-(4-methyl- 
benzoyl)- (01% yield) 

266 

3 

CUoro 

o-xylcnc 

3,4^,6-tetrachloro-2- (2,3-di- 
methylbenzoyl)- 

177JJ-8.5 

4 

Chloro 

m-zylcne 

3,4,6,6-tet^achl oro-2- ( 2 ,4-di- 
methylbenzoyl)- 

222-4 

4 

Ghloro 

p-zylene 

3,4»6,6-tetrBchloro-2-(23-di- 

mcthylbenzoyl)- 

244r^ 

4 

Chlora 

ethylbemene 

2- (4-ethylbenzoy 1 ) tetrachl oro- 

172-3 

4 

Chloro 

naphthalene 

3,4.5, 6-tetrachloro-2-ar-naph- 
thoyl- (78% yield) 

229 

5 

Chloro 

chlorobenzene 

3 .4 ,5,6-tetra ph 1 oro-2- ( 4-rhl oro- 
benzoy])- 

162^ 

6 

Bromo 

bromobenzenc 

3 ,4,5,6-tetrabrom D-2-r4 ( "^ ) - 
bromobonzoyl] - 

228-30 

0 

Chloro 

p-dichlorobenzene 

3,4,5,0-1 etrachloro-2- (2.5-di- 
chlorobenzoyl)- 

238-9 

6 

Bromo 

p-di chlorobenzene 

3 .4 .5,6-telnibrom o-2- ( 2 JMi- 
chlorobenzoyl)- 

240^ 

6 

Bromo 

p-dibromoben zenr 

3,44,6-tetnibr om 0-2- (2^5-di- 
bromobenzoyl)- 

218-9 

6 

Chloro 

l,2,4,trich]oTo- 

benzene 

3,4/i^tetrachlor d-2- [2^^ ( or 
2,4^)-trichloTobeiuoyl]- 

226-230 

7 

Chloro 

phenol 

3,4^,6-tctrachloro-2- (2-hydroxy- 
benzoyl)- (78.9% yield) 

216-218 

8 

Ghloro 

m-creBol 

3,4,5,6-tetrachloro-2- (2-hydroxy- 
4-methylbenzDyl)- (70il% 
yield) 

226-8 

8 

Chloro 

THTresol 

3,4,5,6-tetrachlon>-2- (6-hydro3iy- 
^meUiylbenzoyl)- (84.8% 
yield) 

232-5 

8,9 

Chloro 

o-creflol 

3.4 JS,6-te trachl oro-2- (2-hy drozy- 
3-mpthylbenzpyl)- (76.0% 
yield) 

216-222 

8 

Ghloro 

/6l-naphthol 

2'-hydroxy-3,4y6.6-t6traohloro-2- 
a-naphthoyl- (95.7% yield) 

214-7 

8 13 

Chloro 

aniivole 

3 ,4,5,6-tetrBchloro-2- (4-methoxy- 
benioyl)- 

182 

10 

Chloro 

^-n^hthyl melhyl 

( otrachloro(methoxynaphthoyl) 

204 

13 

Chloro 

dimethylanfline 

(dimethylaminobenioyDtetim- 

dbloro- 

211 

11 
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nitre^nzene 
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three hours longer with acetic anhydride gives 94 per cent of diphenyl- 
tctrabroinophthalide. Like reaction with toluene, instead of benzene, 
gives 93 per cent of the ditolyl honiolog. Tetraiodophthalic anhydride 
gives poorer results in analogous condensations; diphenyltetraiodo- 
phtlialide is secured in G1 per cent yield, and the corresponding ditolyl 
compound in 42 per cent yichl. 

As can be seen in Table 26, condensations with tetraiodophthalic anhy- 
dride nnd aromatic hydrocarbon.'^ occur normally with production of 
ietraiodo keto-acids. However, diffieulty has been experienced in 
attempted ring closure to quinones because of liberation of iodine upon 
treatments of the keto*acids with either sulfuric acid or aluminum chlo* 
ride.«i 

Upon heating with alkali, ring closure of tetrahalogenated hydroxy 
kcto-acids may occur through replacement of the halogen ortho^ to the 
carbonyl group. 3,4,5,6-Tetrachloro-2- (2-hydroxy benzoyl) benzoic acid 
thus yields trichloroxanthone-carboxylic acid^®-: 



Cl 


w' Klliig«r, /. prakl. Chem. (2), 121, 281-288; (7. Z., 1929, II, 41, 

UllniRnn uid W. Bohmidt, Ber„ 52, 2098-8118 (1918) 
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The keto-acid obtained from tetrachlorophthalic anhydride and /9-naph- 
thol undergoes like ring closure.^”*’ 

Hitrophthalic Anhydrides. — ^Friedel-Crafts condensations with nitro- 
phthalic anhydrides arc often complicated by the formation of isomeric 
keto-acids. Although yields are not good, the reaction has been studied 
as a means of preparing amino- and (through the amino-) the hydroxy- 
keto acids. 

According to Lawrence, reaction of 6.5 g of 3-nitrophthaIic anhy- 
dride with 100 cc of benzene and 9 g of aluminum chloride, effected by 
heating the reactants for from four to five hours on a water-bath, results 
in the production of 1.7 g of a black resinous mass, 0.7 g of 6-nitro- 
2-bensoylbenzoio acid, and 0.6 g of 3-nitro-2-benzoylbenzoic acid. Like 
reaction with 6.5 g of 4-nitrophthalic anhydride was reported to give 
OA g of 5-nitro-2-benzoylbcuzoic acid and 0.5 g of the 2,4-isoincr. Half 
of the anhydride used was recovered unchanged. 

The condensation of 3-nitrophthalic anhydride with toluene was simi- 
larly shown to proceed with formation of two isomeric acids, 6-nitro-2- 
(4-methylbenzoyl) benzoic acid and the 2,3-isomor being secured. 4-Nitro- 
phthalic anhydride, however, yielded only 4-nitro-2-(4-methylbenzoyl)- 
benzoic acid.^^ 

However, when Mitter and Sarkar**^ gradually added 15 g of alu- 
minum chloride to a suspension of 3-nitrophthalic anhydride in toluene, 
and then heated the reaction mixture for five hours at 40-50° they secured 
only one product, 3-nitro-2- (4-niethylbenzoyl) benzoic acid in 33 per cent 
yield. With 4-nitrophthalic anhydride and toluene the keto-acid previously 
secured by Lawrance was obtained. According to Mitter and Sarkar, the 
use of anhydrous aluminum chloride is conducive to resinification; better 
results are obtained when a slightly hydrated catalyst is used, or when a 
drop of water is added to the reaction mixture. The products secured by 
Lawrance were probably impure ; their melting points did not agree with 
those reported by Mitter and Sarkar. 

Only one acid, 3,5-dinitro-2-(4-mcthylbenzoyl) benzoic acid, is 
obtained in analogous condensation of 3,5-dinitrophehalic anhydride with 
toluene.^" 

In reacting m-cresol with 4-nitrophthalic anhydride, two isomeric acids 
are obtained. Condensation is effected by gradually adding 20 g of alu- 
minum chloride to a mixture of 10 g of the anhydride and 100 cc of the 
phenol, and subsequently heating, under stirring, for three to four hours 
at 130°. The products, 4-nitro-2-(2-hydroxy-4-methylbenzoyl) benzoic 
acid and the 5-nitro isomer, are separated by fractional crystallization 
from methyl alcohol and acetic acid.^'*^ 

OA. KMw Mid K. Jua^olt. Aar., M, nS-lW (1B3I). 

A. LawTBiioe, /. Am. Chem. 3oc., 43, 2577-3681 (1021). 

»P. C. Mittvr and A. K. Sarkar, J. Indm Chem. Boe., 7, 010-028 111180); C. Z., l9Jt I, 8567. 
««F. G. Muter and Ji. Goewaini, 7. india?! Cham. Bui.. 086-088 (1881); Bni. Chem. Afa>.-A, 
1420 (1881). /s 7 

»rp. a Mitter and N. N. Oiattorji, 7. IndUm Chem. Boe., M, 788-786 (1081); C. A., 30, 8802; C. ^ > 
tm h 9718. 
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3-NitrophthaIic anhydride with m-crcsol and aluminum chloride in 
N/ym-tetrachloroethane heated for 1^ hours at yields only 

3-nitro-2- (2-hydroxy-4-methylbciizoyl) benzoic ncid.^**** 



o 


Subsequently, it was reported that better yields of the acid are 
obtained if an excess of m-crcsol is used instead of an indifferent solvent, 
and if the use of any alkali is avoided, the yield of the above acid is prac- 
tically theoretical. The same acid may also be prepared from 3-nitro- 
phthalic acid, m-cresol, and aluminum chloride, but this method affords 
only a 40 per cent yield. 

The condensation of 3,5-dinitrophthalic anhydride with m-cresol 
under like conditions yields only 3,5-dinitro-2- (2-hydroxy -4-methylben- 
zoyl) benzoic acid.”® 

Acetylaminophthalic Anhydrides. — ^Amino- keto-acids may be pre- 
pared by reacting acetylaminophthalic anhydrides with aromatic hydro- 
carbons or phenols and hydrolyzing the aroyl-o-aeetylamino benzoic 
acids obtained. In the condensation of 3- or 4-acetylaminophthalic anhy- 
dride vdth benzene or toluene, two isomeric amino keto-acids are secured 
in each case.”® From 6.8 g of 3-acetyl aminophthalic anhydride and 9 g 
of aluminum chloride in 50 cc of benzene are obtained 51 per cent of 
3-amino-2-benzoylbenzoic acid (m.p. 193-4'"), a small amount of the 
6,2-i8omer (m.p. 159-160°), and 11 per cent of diphenyl-3- (or 6)-amino- 
phthalide, m.p. 86-89°. The phthalide may also be obtained in 31 per 
cent yield when the anhydride, aluminum chloride, and benzene are 
heated for seven hours, treated with 10 cc of acetic anhydride, and heated 
for another seven hours. 


4-Acetylaminophthalic anhydride with benzene and aluminum chlo- 
ride yields 5-amino-2-bcnzoylbenzoic acid (m.p. 193-4°), and the 2,4- 
isomer (m.p. 195-6'’). 

Toluene with 3- and 4-acctylaminophthalic anhydrides analogously 
gives 3- (or 6) -acetylamino-2-(4-methylbenzoyl) benzoic acids and 4- (or 
5) -acetylamino-2-(4-mGthylbenzoyl) benzoic acids, respectively. The acids 
from 3-acetylaminophthalir anhydride were separated into one melting at 
256-7° (20 per cent yield), and another at 206° (40 per cent yield). The 
product from the 4-acetylammo anhydride consisted mainly of one acid 
(m.p, 136-6°), secured in 62 per cent yield, together with another product 


Wldnwr. Acta, a 1-1^ C, Z., 19211. W31. Bwiaa P. BM90. 

4uf-424; C. Z.. 1923 HI, 51; Chum. floe. Abt.. 
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Solvent 

Ref 
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4.rnr B)-hydrox>-2-(8J-dimathylbenaoyl)-, 
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eaocae of aylme 

& 

4-methoiy 
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meth)l 
^er 

8- (nr 4)-im‘thaixy-8-(0-methoxy-8-methyl- 
boURD)!)- 

carbon dieulflde 

4 

O-nethoKv- 

4-methyl- 

aniaole 

4 - methyl -8-methoay-3 - (4-hydroxybni - 
eoyl)- 

eaoeae of anieole 


8,4-diinethoxy 

beneenr 

B-hydroxy-6-methoiv- or B-hydrDxy-4- 
methoKy-3-baiio> I- 

excoM of benvene 

7 

3,t-diinethoaEy 

o-xylene 

8,4- (or 6,0-)-dihydroKV-2-(8,4-dDnefIiyl- 

pxoev of xylene 

5 


CHi 


CHi COOH 


B,4*dimethoBy 

D-oreeol 

B,4-dfanethaxy 

anieole 

B,4-diniethoixy 

vereti ole 

B,4-di]iiathoixy 

PS^rogalld 

trimethjl 

ethv 

B,6-dfaiiethoxy 

m-creaQl 

B,6-dhnethoxy- 

m-ureeyl 

methvl 

ether 

B,6-dimethoxy 

o-nitro-m* 

creaol 

M-dfanethogy 

o-ereaol 

BpO-dfanothoxy 

p-cnaol 

8,0-dimaChGiiy 

m-ereMl 

BfO-dunethoxy 

o-erceyl 

methyl 

ether 

B,0-djmethoxy 

o-crwyl 

methyl 


OH OH 

a,4-dlniethoxy-2- (2-hvdrosy-8-iDBth> 1- 
bnuo\l)- 

8 , 4 '‘dini 0 tlioxv* 2 - aniso} 1 - 

COOH 

\ 


cifci.CHaj 

benaene 


OCHi OCHi 

(1 f from 8 g BDliydnile uid 3 k ) 

6,0 (or Bp4)-dimetlioxy-2-(a,4-difn(>thoxy- CRf 

benioyl)- 

hydrazy-teirBiiiethoxy-2-beiiioyl- CBt 


3.6- dimothQKy-3-(f-bydrozy-4-iiMthyl- 
boDBoyl). (46% yiild) togothir with a 
phthuom 

3.6- dim ethoiy-3- (4-metboay-8-methy1 - 
bwoj^ (40% yield) together with b 

8.6- diroBth(isy-l(4-hy draxy-l-methyl -6 - 
nitndMneoyl)- (02% yidd) and a tnoe 
of phthaleihi 

6 .0- dimethm-2- (l-hy droxy -I ^ethylben - 
loyl)- (M yittd) together with a 
phthaleln nod a diphanylphthalide 

1.0- diiiMth oxv -2- (B-hirdroxy -6 -math vl - 
houoyl)- (10% yioM) together with a 
diphenyl phthaUde BOd a Buoran 

3.0- diiniithnx> -2-(2-hydroxy-4>inethv1- 
benioyl)- (60% yield); 8-hydnn\-6- 
methosy ieomer (eniBll anioiint); ■ 
phthalein; and a dlphenylphthwide 

8.6- diin etboxy -2- (4 -math oxy-6-methyl - 
benioyl)n;iB% yidd) and a dh^henyl- 
phthalide (70% yidd) 

1.1- dime«hi»y-3-(l-methyl-6-mafUiOKy- 
banaoyl)'^ <7 g from 80 g anhydnde and 
14 g ether) 


nceen of ereeol 

exoeee of oieeol 
amaea of Breeol 
egoem of oreeol 
exoeaa of ereeol 


I of the ether 2 


eaiixyn dhndOde 
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-Phthalie Othv 

Mhydrid* NMU&t 

a,6-diiMthoKy 

«thir 

B,6-diniethcacy m-eresyl 
methyl 
ethtr 

4,3-diinethosy verstrole 


Table 7lI--^(Caniimed) 

-Benioio acid 

8 ,0 - dunethozy *3- (S-meth my - B -niethy 1 - 
benzoyl)- (44% yield) end e diphenyl- 
phthelUie (21% yield) 

8 -hy drozy -0 -mu tb ozy -2- (4 -m ethoxy- 1 > 
methylbencoyl)- (06% yield) 

4,6 -duneth ozy -2- (8,4- dinieihozybenEoy I ) - 
CO 

cHM^y\y \/vocHi 


Solvent Hef. 

noen of the ether 2 


I of UiB ether 2 


4,5 -duneth ozy 


4,5-iliinethDZ} 


leeoremDl 

dimethyl 

ether 

cthyl-8- 

methoxy- 

phenoxy- 

■oetate 


4,5-dimethiizy-2-(2-hydrcixy-4-metliDx^ - 
benioyl)- ("utufectory yield") 

biaailinic ncid . 4,6-diiiiBtliox> -2-[4-mrtli- 0% 

uzy-2-(urboxyinethoxy)-beiicnyl] - 


Yr Y> 


OCHi . COOH 


/fe/erericei 

1. J. H. Cmlcluhnnk, H. Rautriok, and R Robmson, J Chem, Sol, 2050-2004 (1088); C. A., 33, 

1700. 

2. J. H. Gardner and R Adama, J Am Ctiem Soe , 45, 2465-2402 (1028) ; /. Chan Soc. Abi„ 130 


(I) 200 (1024) 

8. G. D.'Qravm and R Adams, /. Am. Chcm Soc , 45, 2480-2455 (1023), / Chem. Soc. Adi, 130 
(1), 208 (1024). 

4 W. H. Bentley, H D. Gardner, and C Weismann, J. Chem, Soc , 91, 1020-1040 (1007). 

6. H. Br^bury and G WeiBmanii, /, Chtm Soc , 105, 2748-2751 (1014) 


H. Bradbury and G WeiBmanii, /, Ch*m Soe , 105, 2748-2751 (1014) 

A. BiotrmL and D. W YiimI de Soheppei, Her , 31, 2700-2802 (1808) 
X. Lagmbmaki, Ber, 38, 1427-1420 (1805) 


8. W. H. Bentley and (i 'V^Bumann, J Chem Soc , 93, 435-488 (1008). 

0. J L. Bimonaen and M Q Rau, / Chtm Soe, 119, 1380-1548 (1021). ^ ^ 

10. R D Haworth and G. B. Mavui. /. Chem. Sac, 1808-1800 (1031); Bnt. Chan. Abe -A, 054 


11. W. H. Perkin and R. Bobinaon, /. Chem. Soc , 93, 480-017 (1008). 


(m.p. 180-183”), probably its isomer, but obtained in too small a quantity 
to permit identification. 

Methozy Phthalic Anhydrides. — Condensations of methoxyphthalic 
anhydrides with 'aromatic hydrocarbons, phenols, and phenol ethers in the 
presence of aluminum chloride are listc(l in Table 27. 

The Friedel-Crafts reaction of methoxyphthalic anhydrides has been 
investigated particularly with the object of preparing poly-hydroxy- 
anthraquinones. For this reason, condensations of dimethoxy-phthalic 
anhydrides with phenols and phenol ethers have been primarily studied. 
In spite of the fact that efforts have been directed at the determination 
of the structure of the reaction products, inspection of Table 27 shows 
that there is ambiguity concerning the identity of some of the keto-acids 
prepared. In 1898, Bistrsycki and Yssel de Schepper showed that 
reaction of 3,4-dimethoxyphthalic anhydride (hemipinic anhydride) with 
fl-nisole and aluminum chloride in benzene solution gives 3,4-dimethoxy- 
2-aniBoylbenzoic acid. It was shown definitely in this ease that the car- 
boxyl group in the o -position to the raethoxy entered the reaction, and 

A, airtnyoki And D. W. Ymd di Sobapper, Ber., 31, 3790-2802 (1888). 
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thttt condenBatioa occurred with introduction of the anhydride reaidue at 
the carbon in i^poaition to the metboxy group of anisole: 



CHi 0 



COOH 


More recently, in reactions effected with 3,6-dimethoxyphthalic anhy- 
dride and the three cresols, it has been shown that condensation occurs 
with the entering group taking the o-position to the hydroxy group of 
the cresols, and that keto-acids secured from o-, m-, and p-cresol had 
structures 1, II, and III, respectively 



In a similar study dealing with the condensation of cresyl methyl 
ethers with 3,6-dimethoxyphthalic anhydride, however, it was established 
that the entering group goes para- to the methoxyl group in the o- and 
ta-cresyl methyl ethers, and to the ortho-position to the methoxyl in 
p-cresyl methyl ether.^** The bensoylbensoic acids derived from o-, m-, 
and p-cresyl methyl ethers have structures IV, V, and VI, respectively 



Hydrolysis of a methoxy group in the reaction with m-cresyl methyl 
ettier was due to the fact that the condensation was effected under unusu- 
ally eno'gotic conditions. Whereas in the reaction with the other ethers 
haatiag was effected for four or five hours at 65-70”, in the experiment 
with the m-isomer heating at 75° was maintained for seven hours. 

A noteworthy condensation is that of o-nitro-m-cresol with 
matboxsnfihfhalic anhydride, in which a mixture of 10 g of the anhydride, 


•a. t>. Otmwm ud R. Adanu, /. Am. CImm. Hoc., 4S, HH-MM (IM); /. Chtm. Boc. Abi. 
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35 g of the oreeol, and 20 g of aluminum chloride, heated for 20 hours at 
75° gave a 62 per cent yield of 3,5-dimethoxy-2-(4-hydroxy-2-methyl- 
5-nitrobensoyl) benzoic acid. This is one of the few instanoeB in which a 
nitrophenol has been reported to undergo Friedel-Crafta reaction. 

Solvents used in reactions with methoxyphthalic anhydrides have been 
listed in Table 27. Although Ullmann and Schmidt^** have obtained 
excellent results by using sym-tetrachloroethane as solvent in condensa- 
tions of other phthalic anhydrides with phenols and aluminum chloride, 
their method could not be used in reactions involving 3,6-dimethoxy- 
phthalic anhydride and cresols because decomposition of the anhydride 
occurred.**^ The use of sj/m-tetrachloroethane as solvent is reported in 
the reaction of the 3,4-dimethoxy anhydride and o-cresol, but the yield of 
the resulting keto-acid is not givcn.^^" 

Alkyl Phthalic Anhydrides. — Condensations of methylphthalic anhy- 
drides with aromatic hydrocarbons and phenols in the presence of alu- 
minum chloride have been studied by only a few workers; since the 
researches of each investigator have been very thorough the individual 
studies will be separately reviewed. 

In 1929, Morgan and Coulson reported the condensation of 
4-methylphthalic anhydride with toluene. Reaction was effected by 
adding 15 g of aluminum chloride to 9 g of the anhydride in 40 g of 
toluene and heating until evolution of hydrogen chloride had ceased. 
Only 1 g of the expected keto-acid, 4-methyl-2-(4-methylbensoyl)benBoic 
acid was secured. In an analogous reaction with o-xylene instead of 
toluene, the addition of 7 g of aluminum chloride to a paste consisting of 
4 g of the anhydride and 21 g of o-xylene gave, after heating at 90-100° 
until evolution of hydrogen chloride bad ceased, a dark, gummy product 
from which was secured 3 g of 4-methyl-2-(3,4-dimethylbenzoyl) benzoic 
acid: 



A series of condensations with methylated phthalic anhydrides has 
been investigated by Mayer and Stark.**^ Their investigations are sum- 
marized on p. 556. 

A great deal of work has also been done by Hayashi and co-workers 
on condensations effected with 3- and 4-methylphthalio anhydrides. 
Reactions with benzene were effected in excess of the hydrocarbons; «ym- 
tetrachloroethane was used as solvent in condensations with phenols. The 
products are usually mixtures of isomeric keto-acids which, in the early 
^ork of these investigators, could not be identified through ring-closure 


“V. UltaMB Md W. Bahnldt, Jbr., St, ms-lllt fllil). 

wn ^ M. G. Bm. /. Chtm. Soc.. lit, lWt-1848 (IBl) . 
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CondeaMtions with Methylated Phtbalic Anhydrides.*" 

-PhihidiB 

imhydnH* 

Other 

RmrtenC 

OnDflilione 

Ptoduet 


bennene 

reiMstion mixture ntirriNi 
for 8 deye end hratpid 
nt 50^ for 2 houre, nt- 
cem of beniene 

a 76% yield of n mixture of 0- nnd 
3-mBthyl-2*behiMiylheiianic aoidb 


toluene 

p-nylene 

exoem of toluene 

CSi edlution 

a mixture of 6- and 3-tnethyl-8- 
(4'-methylbensoyl)-bcnaoiD amde 
n 77% yidd of a nuxturo of 8- and 
B-metb^-9-(r,5'-dimethylben. 
BoyO-benaoio aaida 

S-mBUiyl 

hydroquuione 

AlOL-Nna melt at IDO” 
for one hour 

53% pnold of 1 -methyl -5, B-dihydrox> 
anthraqumone 

B-methyl 

hydroquin tine 

AlCa,-Nan mi>lt et 180” 
for 90 minute* 

3- or 0-meUiyI-l-(3'.8”-dihydmx> - 
benioyO-beniole acids 


tiduhydro- 

qumone 

AlCU-NaCl mdl at 160- 
100* 

17- or 1,0 -dimethyl -8,B-dihydrox> - 
anthraqumone 

1 -methyl 

hydroxyh^dio 

qumone 

ne above 

30% yield of l-methy1-5,0 3- or 5 7 B 
inhydroxyanthraqumonn 


reeoroinal 

as above 

l-inethvl-8,7-riilivdnixvBnthraniJiiioiie 

l-mvthyl 

pyroateoliol 

aa above 

l-methyl B,0-dihvdroxi - nr 1-methyl- 
7,8- diliydroxyanthraqum on e 

4-methyl 

p-x} lene 

exceae of p-xylene 

4- or 8-methyl-3-(2',B'-duneth\lbm- 
Boyl)-baieoiD acid 

4-methyl 

m -xylene 

C8f solution, reaction 
mixture allowad to 
■tnnd for 0 day* at 

01% yidd of a mixture of 8- end 6- 
methyl -3- (2',4' - dimeth vlbenioi 1 ) 
benroic aride 

1,6- dimethyl 

toluene 


3,0-dimethyl-2-(4^-ineth>1hniEnyl)- 
bensoic and 

8,i-dimethyl 

hvdroquincme 

Aiai-NaCl melt at 100* 

l,4-dimpih>l 5,8-dihydrox> entlirn 
quinime 

B,6-dimtth>l 

toluhy droq umone 

at 18S* 

l,4,7-trimrUiyl-8,8-trihvdro«yanthra- 

quinone 

M-dmethyl 

hydrozvhydro- 

qumone 

at IBO* 

l,4-dimethyl-6,7,B-trihydft)Xvanthra- 

quinone 

8,0 -dimethyl 

psnvgellol 

at 178* 

1 ,4 -dimethyl -5,0, 7-tnhydroxyanihra- 


qumone 


by Bulfuric acid In a paper which summ 

viouB studies of these investigators, the assumption that benzoylbenzoir 
acids are rearranged upon heating with sulfuric acid was definitely 
proved. Thus, upon heating 3-mcthyI-2-benzoylbenzoic acid with sul- 
forio acid at 100-105°, an isomerism occurs, possibly because of a wander- 
ing of the benzoyl group, and 6-raethyl-2-benzoyll«nzoic acid is secured 


rn< CHi 



CO 


Other conversions of this type showed that 3- and 6 -methyl- 2 -tenzoyl- 
bensoic acids exist in equilibrium with sulfuric acids. On this basis, keto- 
acids given Imitative and optional structures in earlier work were defi- 
nitely characterized. The investigations of Hayashi and his co-workers 
are summarized: 

..? * M. BwmU, B. Tranialat, I Marikiw*, md H. NanUnira, SM. Ohm* Sm. /opM, 
m (HM>; 
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phtMk 

■iih3fdiidi 

4- 

Othvr 

reectont 

hmuma 

-beniolo 

Add 

r 2-beiiEoyl-4-methyl-> 

1 2-bflDaoyl -5-nietliyl- 

m.p. 

(•C) 
150-160 6 
145-145 5 

B«f. 

2.8 

4- 

p-ehlorophenol 

2- (6'-ohloro-2'-bydroxybenEoyl) - 

4- nitohyi- 

2- ( 0'-chloro*2'-hydroiybenioyl) - 

5- inetbyl- 

280 5-240.5 

227.5-22^5 

8.0 

8- 


f 8-mathyl -3-benIO|yl- 
\ S-methyl - 2 -benioyl - 

120.5-127.6 

171-172 

8.5 

8- 

ehlorobencene 

2- (4'-chioroben8oyl)-8-inethyl- 

175.6-176 

8,5 

3- 

phenol 

12- (2'-hydrcixy bencoyl ) - 8 -methyl - 
1 2- (4'-hy droxybensoyO-B-mpthyl - 

220-221 

107-108 

8,6 

3- 

o-chlorophenol 
or o-chloroeniBole 

2-(a'-ohlDro-4'-hydr[niybDnzDyl)- 

a-niethyl- 

108-100 

8.6 

8- 

p- brain ophonol 

2-(6'-bromo-2'-hydroxybensoyl)- 

a-methyl- 

240-246.5 

1.8 

8- 

p-chlorophenol 
or p-omoroaniBole 

2-(5'-eh]oro-2'-hytirozybensDyl)- 

a-methyl- 
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1.8 

3- 

m-chlorophenol 
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r 2- (4'-ohloro-2'-hydrozybenBoyl ) - 
I a-methyi- 

1 2-(2'-chloro-4'-tiydrazybentoyl)- 
( 8 -methyl - 

210.5-230.5 

21B-218 5 

4,8 

3- 

hydroquinone 

2-(2',8'-diiiyilrozybenBoyl)-8 (or 6)- 
methyl- 
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Keto-Phthalic Anhydrides. - A lew investiguturs cite the use ol acy- 
lated phthalic anhydrirles in Fiiedel-Crafts reactione. 4-Acctylphthalio 
anhydride has been condensed with hydroquinone using a melt of AlCls- 
NaCl at 180° for 45 minutes to proiiucc 5,8-dihydroxy-2-acetylanthra- 
quinone. From 4 g each of the anhydride and hydroquinone, there is 
secured 4.7 g of tlie anthraquinone derivative: 



Like treatment of toluhydroquinone instead of hydroquinone produced 
2-acetyl-6 (or 7 )-inethyl- 5 , 8 -dihydroxyanthraquinone, and analogous 
reaction with 1,4-naphthohydroqumone yields 7 g of 2-aoetyl-5,8-di- 
hydroxy-8,7-benzoanthraquinoiie.'®® 

The condensation of acetylaniino- derivatives with aromatic com^ 
pounds and aluminum chloride has already been mentioned (pp. 267, 651). 

The Friedel -Crafts reaction has also been ap])lied to condensations 
f'ffected with 4-(2-carboxyl)eiizoyl)phthalip anhydride. Treatment of 

Mayer, O. Stork, end S. BohSn, Ber., 85, 1885-1887 (1182). 
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the latter arith benzene and aluminum chloride yields 1^-dibensoylben' 
zene-2,2'-dicBrboxylie add^^”: 


CO C CO CO 



Toluene reacts analogously.*^^ 

SulfophUialic Anhydrides. — Sidfonated anthraquinones may be 
formed by reaction of sulfophthalic anhydride with aromatic hydrocar- 
bons or their halogenated derivatives in the presence of aluminum chlo- 
ride.*” Upon heating 3-sulfophthalic anhydride with benzene and alu- 
minum chloride at 130°, converting the resulting beneoylsulfobenzoic acid 
to its potassium salt and heating it at 160°, and further treating with 
3 per cent oleum, the potassium salt of anthraquinone-l-sulfonio acid is 
secured in 70 per cent yield. 



Analogously, p-dichlorobcnzenc yields potassium 1,4-dichloroanthraqui- 
none-5-suIfonate in 40 per cent yield, and hydroquinonc gives potassium 
1, 4-dihydroxy anthraquinone-S-Bulfonate. 


0 OH 



BOiX 


Condensation of 4-sullophthBlic anhydride with benzene, and the for- 
mation of the sodium salt of Bnthraquinone-2-Bulfonic acid proceeds 
readily, a very good yield of the latter being secured. With chloroben- 
zene two isomeric keto-acids, 2- and 3 -chloroanthraquinone- 6 -sulfonic 
acids, are obtained. That 4-Bulfophthalic anhydride is very reactive may 
be surmised from the fact that with the ordinarily difficultly substituted 
p>duffilorobenzene, sodium l,4-dichloroanthrBquinone-6-BulfonBte, recit- 
ing upon ring closure of the intermediately formed keto-acid, is obtained 


MMl L. ChHdomma, Hdv. OAtM. AftQ, T, MMU Clum. Soe. Abi., 
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ADDITION REACTIONS 


M9 

in 60 per cent yield. With bydroquinone like reaction leads to a 70 per 
cent yield of Bodium l,4'dihydroxyBnthraquinone-6-Bulfonate: 



This method of preparing anthraquinone sulfonic acid has been stated 
to be more effective than that involving sulfonation of anthraquinones 
with oleum, since the latter procedure often results in the simultaneous 
formation of disulfonic acids. 

Hydrosyphthalic Anhydrides. — Although little work has been done 
on Friedel-Crafts reactions with hydroxy- derivatives of phthalic anhy- 
dride, it has been reported that 3-hydroxyphthalic anhydride condenses 
with m-cresol in the presence of aluminum chloride to give a compara- 
tively poor yield of 2'-hydroxy-4'-methyl-2-benBoyl-3-hydroxybenBoic 
acid”®: 




+ 


OH 




CHi 


Aromatic Dicarbo^lic Acid Anhydrides other than Phthalic Anhydrides 

Naphthalene Dicarboxylic Acid Anhydrides. — The anhydrides of 
naphthalene-o-dicarboxylic acids behave in Friedel-Crafts reactions very 
much as does phthalic anhydride. 

Reactions of nBphthalene-2,3-dicBrboxylic anhydride with aromatic 
hydrocarbons and phenols have been extensively studied by Waldmann 
and Mathiowets.^®* With benzene, condensation occurs upon heating in 
the presence of aluminum chloride for eight hours at 120° with formation 
of 2-benzoyl-3-naphthoic acid in 87 per cent yield: 

caS-o-exxx) 


Reaction with toluene takes place analogously, yielding 2-(p-methyl- 
benzoyl)-3-naphthoio acid. In the condensation with eblorobmizene 
heating is maintained for eight hours at 100°. From 30 g of the anhy- 


^ WldoMr, Bdv. CUm. AeU. I, (UM). 
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dride and 145 g of chlorobeiueDe, with 50 g of aluminum chloride there is 
secured 31 g of 2-(p~chIarobensoyI)-3>nsphthoic acid. 

Addition of naphthHlene-2^-dicarboxy]ic anhydride to naphthalene 
was effected by heating to boiling for 48 hours a mixture consisting of 
33 g of the anhydride, 32.5 g of naphthalene and 58 g of aluminum chlo- 
ride in 75 oc of carbon disulfide. There was secured 28 g of a mixture of 
isomeric naphthoylnaphthoic acids: 



An AlCls-NaCl melt was used in the reaction of phenols with naphtha- 
lene-2,3-dicarboxylic acid anhydride. These condensations are sum- 
mariz^; 


Phenol 

p-Chlorophrnol 


p-Creaol 

Hydroquin one 

2-Chlorohydro- 

quinone 

Met^Ihsrdro- 

quinone 

2-Hydrciiy- 

hydroquinone 

o-Naphthol 

1,4-Dihydrozy- 

naphthalene 


Conditiou 
3 hre at 210° 


3 hn. at 200- 
210 ’ 

1 hr. at 200- 
210' 


Table 28. 

Products 

l-ch]oro-4-hydraxy-2^benEanthraqumonr 
(22 g from 20 g anhydride and 14 2 g of 
the phnnol) 


n OH 



t) Cl 


1- methyl-4-hydroxy-2^benzanthraquinonr 

l,4-dihyditny-2^benzBnthra quin one 
m% yield) 

2- ciUoro-l ,4-di^droxy-2 ^benzanihra- 
quinone (61 9^ yield) 

2-methyl-°l ,4-dihydro3cy-2^benzanthrB- 
quinone 

1 ^,4-irihydroxy-2|3-bensanthTaquinone 


30 mina at 220'’ 0-hydroxy-2,3,6,7-dibenBBntbraqumone 

9,10-dihydro3cy-2^i0,7-dibenzanthraquinonp 


The condensation of dihydroquinizarin with naphthalene*2,3-dicar- 
boxylic acid anhydride at elevated temperatures with 5 per cent alumi- 
num chloride has been reported by Marschalk to result in the forma- 
tion of a hexacene derivative. 

The reaction of l-phenyl-2|3-naphthalic anhydride in benzene with 
aluminum chloride gives a 99 per cent yield of 3 f 4 -benzo- 9 -fluor 6 none-l- 
carboxylic acid. Here, instead of addition of the anhydride with ben- 
zene, an intramolecular condensation occurs.^'*^^ 


»»C Murvdialk. BuU. mw. efum, (9h B, SOB-IW (IM); C. A., i , 4W4. ^ 
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The interaction of naphthalene^l^Z-dicarboxylic acid anhydride with 
aromatic hydrocarbone, their halogen derivativoBi and phenols has been 
investigated by WaldmannJ^'^ At firsit it was believed that only one 
keto-acid was obtained; the reaction with benzene was repoi-ted to yield 

1- benzoyl'*2-naphthoic acid and that with chlorobenzene, 1-p-chloro- 
benzoyl-2-naphthoic acid. In his later workj however, Waldmann found 
that naphthalene-1, 2-dicarboxyIic anhydride yielded Wo isomeric acids 
when reacted with benzene and aluminum chloride. Besides 1-benzoyl- 

2- naphthoic acid (I) there was also isolated 2-benzoyl-l-naphthoic 
acid (II). 


2 


o=c— o 



2 CoHi + AlCli 





COOH 


COOH 
I CO 

eax) 

n 


Using a 5:1 AlCla-NaCl melt and heating for three hours at 200-210°, 
hydroxy bcnzanthraqiiinones were secured by reaction of the anhydride 
with various phenols. Hydroquinonc and 1,4-dihydroxynaphthaIenea 
afford only one product; in all other ca^cs listed below 2 isomeric benz- 
anthraquinones are possible, but they could not be differentiated in the 
reaction product. 


Phenol 

Hydroquincme 

T olubydroqumone 

Chlorohydroquinone 

Hydrozyhydimuinone 

p-Chlorophenoi 

p-Cresol 

1,4-Dihydroxynaphthalpiii! 

a-Naphthol 


-benianthTBquincinee obtained 

5,8-dihydrozy-l ,2- 
6- (7) -methyl-6 Adihydrojty-l ,2- 
6- ( 7)-chloro-6 3-dihydroxy-l ,2- 
5.6- (7) 28 -trihyd^lzy-l; 2 - 

5- ( 8 ) -cnl oro-^ ( 5 ) -hy dr ozy- 1 ,2- 

6- (8) -methy 1-8- ( 5) -hydroxy-1 ,2- 
5 Adihydroxy-l jS,6,7-di- 

5- (8) -hydroxy-l .2,6.7-di- 


The condensation of naphthalene-1, 8-dicarboxylic acid anhydride 
(naphthalic anhydride) with phenol and aluminum chloride has been 
reported to yield phenolnaphthalein: 


0 «C 0=0 



/'OV 

(OHCiHOrO OO 


CaHeOH + AlCla 


/ 


Reaction was effected by heating 20 g of the naphthalic anhydride, 
0 g of phenol, and 50 g of aluminum chloride at 160° until evolution of 
hydrogen chloride had ceased.”* ‘ 

w. 127, (ino); C. A., 24, 6748; / pnAt, (i), 

hHbm, Jter., a, «i.|M (IIH). 
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Nsphthalio anhydride reacts with dimethyl-m-aminophenol in the 
presence of aluminum chloride to give a compound (m.p. 320°) which is 
practically identical in color witli Rhodamine.^” 

Attempts to condense benzene with naphthalic anhydride in the pres- 
ence of aluminum chloride have been unsuccessful, the anhydride being 
recovered unchanged each time.**** 

Blphenic Anhydride. — Contradictory results have been secured in 
Friedel-Crafts reactions with biphenic anhydride, 


0 

/ \ 
O-C 0=0 



Gots reported that on boiling a solution of biphenic anhydride in 
benzene with excess of aluminum chloride, there is produced a 50 per cent 
yield of fluorenone-4-carboxylic acid (I) and a 10-15 per cent yield of 
4-benzoylfluorenone (II): 



Fluorenone-4-carboxylic arid, together with 4-p-toluylfluorenonc, was 
also reported to be obtained by condensation of biphenic anhydride with 
toluene and aluminum chloride.^^^ 

More recently, Underwood and Barker^’” reacted 5 g of biphenic 
anhydride with 3A g of anisole and 3 1 g of aluminum chloride and 
secured an 11 per cent yield of the crystalline lactone, the dimethyl ether 
of phenoldiphenein: 



oo 


From a comprehensive study of the reaction of biphenic anhydride 
wiU) phenols And hydrocarbon. Bell and Briggs concluded that in spite 

K tmnihjud 
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of Btatements to the contrary in the literature, evidence for the produc- 
tion of compounds analogous to phenolphthalein and fluorescein is ladc- 
ing - These investigators report tiiat treatment of hydrocarbons with 
biphenic anhydride in the presence of aluminum chloride gave the fol- 
lowing results: bensene, toluene, and ethylbcnsene underwent no reac- 
tion; the biphenic anhydride was recovered as diphenic acid and as 
fluoienone-4-carboxylic acid; biphenyl gave non-crystallisable material; 
0 -, m-, and p-xylenes, mesitylene, and naphthalene gave derivatives of 
2-benzoylbiphenyl-2'-carboxylic acid; p-xylene in addition yielded 2,2'- 
bis- (2” ,5''-dimethylbenzoyl) biphenyl; naphthalene gave 2-naphthoyl- 
biphenyl-2'-CBrboxylic acid; anisole yielded a small amount of 2-aniBoyl- 
biphenyl-2'-carboxylic acid, fluorenone-4-carboxylic acid, and 4-anisoyl- 
fluorenone. On the other hand, plienetole gave a good yield of the only 
product isolated, 2- (p-ethoxybenzoyl) biphenyl-2'-carboxylic acid. 

The condensation of biphenic anhydride with phenols was studied also 
in the presence of stannic chloride. In most cases there was obtained a 
mixture of the corresponding diketone and a ketonic carboxylic acid. 

Anthracene Dicarboxylic Acid Anhydrides. — ^Fiiedel-Crafts conden- 
sations with anthraquinone dicarboxylic anhydrides have been studied 
with the object of preparing pentacene and hexacene derivatives through 
ring closure of primarily formed keto-acids. 

Condensation of anthraquinone-2,3'dicarboxylic acid anhydride with 
benzene and aluminum chloride and subsequent ring closure with sulfuric 
acid has been reported**" to proceed with formation of lin-dibenzo- 
1 ,4,5,8- anthradiquinone : 



Anthraquinone-2,3-dicarboxylic acid anhydride has been condensed 
with hydroquinone in the presence of aluminum chloride to give a sub- 
stance which is believed to be 6,7-phthaloylquinizarin.*^” Reactions of 
this anhydride with dihydroquinizarin gave a supposed octacene deriv- 
tiyc, A similar product was obtained by condensation of anthracene-2,3- 
dicarboxylic acid anhydride and dihydroxy-1, 4-dihydronaphthacene- 
quinone. 

l|4-Dihydroxyanthraquinone-2,3-dicarboxylic acid anhydride reacts 
normally witii benzene and aluminum chloride to give 1,4-dihydroxy- 
3-benzoylauthraquinone-3-carboxylic acid 

Wn f'**'**®®*^ Okm. StM., Ul, Un-16BI (»«); C. Z.. «a I, 
c. Muwlwifc, BvU. tec. ehim. (S). S, SM-IW ( 108 ); C. A., 32 . «T«. 

O. Munhalk, a*B. tee. oMm. fS). 3, UU-SI88 (IIM); C. J».. 31, US3 (IBT). 
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By agitating a suBpension of 20 g of tiie finely divided anhydride in 200 g 
of anhydrous bensene in the presence of 40 g of aluminum chloride for 
thirty minutes, refluxing for six hours, decomposing with iced hydro- 
chloric acid, steam distilling, boiling the residue with sodium carbonate, 
filtering, washing with water and recrystallizing from nitrobensene and 
then xylene, 16 g of the above keto-acid was secured.^’’ Using the 
same procedure, except that heating was maintained for six hours at 
45-50°, 10.7 g of l,4-dihydroxy-2-p-toluylanthraquinone-3-carboxylic 
acid was obtamed when toluene was substituted for the benzene. Replace- 
ment of the benzene with chlorobenzene, and conducting the reaction fur 
21 hours at 65-70°, gives 16-18 g of l,4-dihydroxy-2-(4-chlorobenzoyI| 
anthraquinone-S-carboxylic acid. 



Cl 


According to Fairboume the reaction of anthraquinonc-l,2-dicar- 
boxylic acid anhydride with benzene and aluminum chloride followed by 
cyclization with sulfuric acid yields 1,2-phthalylanthrBquinonc, 



Reaction was effected by cautiously heating, until evolution of hydrogen 
chloride had ceased, a mixture consisting of 10 g of the anhydride and 
10 g of aluminum chloride in 1 liter of benzene. 

Machek and Graf,^** however, state that the product obtained by 
Fairbourne cannot be 1,2-phthalylanthraquinone because it does not 
agree in physical properties with it. These investigators heated to boil- 
ing for two hours a mixture of 2 g of anthraquinone-l, 2 -dicarboxyh<' 
anhydride, 60 g of benzene, and 6 g of aluminum chloride and secured the 
phthalide, m. 180-182°: 
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Sulfobenzoic Add Anhydride. — ^Fricdel-Crafts reaction of o-sulfo- 
benzoic acid anhydride and aromatic hydrocarbons proceeds as does the 
like reaction with phthalic anhydride. Here, however, the product is 
a keto-sulfonic acid instead of a keto-carboxylic acid. With benzene, 
2-benzoylbenzeneBulfonic acid is secured: 

a" > • 0 a"X) 

80i BOill 

Condensation is effected by adding, in the cold, 20 g of aluminum chloride 
to a solution of 10 g of the acid in 50 g of benzene. Upon heating for 
one hour on a water-bath, the reaction mixture becomes a homogeneous 
liquid, from which the sulfonic acid is not precipitated upon decomposi- 
tion with ice water. For this reaction the catalyst is removed by treat- 
ment with anunonia, and the sulfonic acid is secured as its ammonium 
salt, in a 90 per cent of theoretical yield. The free acid was obtained 
through its barium salt. 

Analogous condensation with toluene yields 2-(4-methylbenzoyl) 
benzencsulfonic acid, and with m-xylene there is obtained what is prob- 
ably 2-(2,4-dimethyibenzoyl)bcnzeneBulfonic acid. 

rni 

SOsH 

The reactions with benzene, toluene, and rn-xylene were always accom- 
panied by strong evolution of hydrogen chloride. AVhen pseudocumene 
was reacted in analogous manner, however, no evolution of hydrogen 
chloride was noticed, although the product obtained was the expected 
l^cto-acid, 2- (3, 4, 6-trimethylbenzoyl) benzencsulfonic acid, 

SO.H CH. 
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Hydrogen chloride evolution was again pronounced in the condensation 
with mesitylene, with formation of the corresponding compound, 2- (2,4,6- 
trimethylbensoyl)bensene8ulfonic acid.^*** 

Homophthalic Anhydride. — The condensation of benzene with homo- 
phtiialic anhydride and aluminum chloride results in introduction of the 
phenyl residue at the carbonyl of the aliphatic side chain, 


ft 


o 

II 

I 

Hj-C=0 


/\,COOH /\ 
^CHr-CO'X/ 


u: 


with formation of jS-desoxybenzoincarboxylic acid.**^ A small amount of 
isobenzalphthalide. 


r.Hi 

is also produced in the reaction. 

Anhydrides of Aromatic Tricarboxylic Acids 

Friedel-Crafts reaction with hemimellitic anhydride has been studied 
by Graebe and Leonhardt,*”^ who found that the course of the conden- 
sation with benzene is greatly influenced by reaction time. If the finely 
powdered anhydride is mixed with 1-1.5 parts of aluminum chloride and 
4-5 parts of benzene in the cold, and then heated under reflux for 20 to 
25 minutes, or only until violent reaction has subsided, the product is 
benzoylphthalic acid: 






COOH 

rooH 

CO . CiHi 


However, if heating ie continued under reflux for five or six hours, the 
product is 2,3-dibenzoylbenzoic acid, 


y^yCOOH 
XyAcO . C»H| 
CO. OA 


^ a Kmasldip Ber,, SI Stt6-I4M (IMO). ^ ^ »2-4 

>«0. GimIm uhd F. nompy, a«r., 31, 373*177 (IBIB). ef. Buu-Hoi, Ctmpt rend., 303, m 
iMMn 0. X.. ms. 

GbHiM tod M. ImAmrU, Aim., m, BT-M (IM). 



ADDITION REACTlOm 


567 


A shorter reaction period is favorable to the formation of 2,6-dibenzoyl 
benzoic add, 



CO.CtHi 

COOH 


CO . C»Hi 


When the monopotassium salt of hemimellitic anhydride is used in the 
reaction with benzene and aluminum chloride, and heating is maintained 
for 20 to 25 minutes, the product is benzoylisophthalic acid: 



Friedcl-Crafts condensations of hydroxytrimeliitic acid anhydride 
with aromatic hydrocarbons or phenols leads to the production of 
o-hydroxycarboxylic acids of the anthraquinone series.^®* When the 
anhydride is reacted with benzene at 80-100° in an AlCla-NaCl melt, 
there is obtained a substance (m.p. 259^) which is either 2-benzoyl-5- 
liydroxybcnzene-l,4-dirarboxylic acid (I) or 2-benzoyl-4-hydroxyben- 
zene-l,5-dicarboxylic acid (II), or a mixture of these compounds: 


CO 



(I) 



Toluene yields in the same way a product (m.p. 260°) which is either 2-(4'- 
inethylbenzoyl)-5-hydroxybenzene-l,4-dicarboxylic acid or 2-(4'-methyl- 
benzoyl)-4-hydro:{^benzene-l,5 dicarboxylic acid, or their mixture. From 
hydroxytrimeliitic anhydride and acenaphthene is secured under like con- 
ditions either 4'-hydroxy-2',5'-dicarboxy-5-benzoylacenaphthene (III) or 
5'-hydroxy-2',4'-dicarboxy-5-benzoylacenaphthcne (IV), or both: 




tttW) to W- Eokeri ud K. SohiUing (to I. Q.)! C. A., 32, 6gni; C. Z., 1938 



m 


ANHYDROUS ALUMINUM CHLORIDE 


LUu condensations also take place with hydroxytrimellitio anhydride 
and hydroquinone, 1,4-dihydroxynBphthalene, l,4-dichloroben8ene, or 
hydroxyhydroquinone. 

Halotrimellitio anhydride has been claimed to undergo a similar 
series of condensations.*’* 

Friedel-Crafts reactions with 4-(2-cBrboxybensuyl)phthalic anhy- 
dride, 



which may also be considered as an anhydride of a tricarboxylic acid, 
have been mentioned in the discussion of condensations effected witli 
ketonic phthalic anhydrides (see p. 567). 

Anhydrides of Aromatic Tetracarboxylic Acids 

The anhydride of this type which has been most investigated is pyru- 
mellitic anhydride (the anhydride of benzenc-l,2,4,5-tetracarboxyIir 
acid) ; 


0 

''C 

II 


o 



It would be expected that Friedel-Crafts condensation of benzene would 
proceed with formation of either 4,6-dibrnzoyli8ophthalic acid (I) or 
2,5-dibenzoylterephthalic acid (II) ; 


HUOC COOH 

(I) 


HOOC 


(yyxv axxx) 


C COOH 

II 
o 

(II) 


Philippi*” has secured both isomers, and these were separated by 
making use of their solubility in water and nitrobenzene. Mills and 
Mills *” likewise secured both isomers, obtaining a 60 per cent yield o 
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the mixture of aoide by heating for three hours at 65-70° a suspension of 
30 g of finely ground pyrompllitic anhydride in 750 oc of bensene with 
70 g of aluminum chloride. 

Bromobenzenc rear Is in an niialogons manner, according to Philippi 
and Auslaender,^*'' to fonn a mixture of 2,5-biB(p-bromobenzoyl)tere- 
phthalic acid and 4,6-bis-(p-bromobenzoyl)isophthalic acid; but Machek 
and Martin ’** believed that some cleavage of bromine was encountered, 
with the formation of the 2,5-dibcnzoyl derivative, since cyclization of 
the products produced pentacene-5,7,12,14-diquinone as well as the 
expected product, 2,9-dibromopentacenc-5.7,12,14-diquinone. 

Pyrnmcllitic anhydride with toluene and aluminum chloride forms 
mainly 4,6-bis(p-toluynisophthalic acid together with 2,6-bis(p-toIuyl) 
tcrephthalic acid.'** There is no indication of any further condensation 
reactions;*** o- and p-xylene with pyromcllitic anhydride also produce 
the two isomeric acids. p-Xylene gives a mixture of 4,6-bis(p-xyloyl)- 
isophthalic- and 2,5-bia(p-xyloyl)trrephthalic acids.*®' From o-xylene 
there are secured 4,6-bi8 (3,4-dimethylbpnzoyl) isophthalic- and 2,5-bi8- 
(3,4-dimethylbi’nzoyl) terephthalic acids.*** 

When aluminum chloride i.s added t«» a mixture of pyromellitic anhy- 
dride, naphthalene, and lienzenc and heated at 30-60° for ten hours, 4,6- 
(li-a-iiaphthnyliKO])hthalic acid and 2,5-di-a-naphthnylterephthBlic acid 
arc formed.**® 

The product obtained on condensing tetralin with pyromellitic anhy- 
dride and aluminum chloride is apparently a single isomeride of the 
possible ditetrahydronaphthoylbenzene dicarboxylic acids, assuming reac- 
tion at the )3-position of tetralin. The product with decalin was not 
identified.*" 

AnhYUBIDES of HeTEBOCYCLIC Di- OB POLY-CABBOXYLIC AciDS 
Nitrogen Ring Compounds 

Quinolinic Acid Anhydride. — In 1887, Bemthsen and Mettegang*** 
reported that quinolinic anhydride reacts like phthalic anhydride in the 
Priedel-Crafts reaction: 



0 “*■ 
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The formation of S^bensoylpicolinic acid was later substantiated by 
JeiteleSi Kini^b and Jeplicott.^® Kirpal reported that the keto-acid 
was obtained in 92 per cent yield and that no isomer was formed in ihc 
reaction. 

Condensation of quinolinic anhydride with toluene yields 3-(p-toluyl)- 
picolinic acid: 


CO 



As with benzene, the analogous reaction with toluene leads only to the 
formation of derivatives of picolinic acid. Only the carboxyl group 
farthest removed from the nitrogen is effected, the anhydride residue 
attaching itself to the carbon residue in the para-position to the methyl 
group in toluene.^^ 

m-Xylene yields the expected 3- (2, 4-dimethylbenzoyl) picolinic 
acid 


CHi 

In the reaction with naphthalene two products, 3-[l (and 2)-naph- 
thoyl] picolinic acids were secured in a total yield of 22 per cent. Ace- 
naphthene gives only a 10 per cent yield of 3- (4-acenaphthoyl) picolinic 
acid.*®* Biphenyl gives not only the expected 3-(p-phcnylbenzoyl)pico- 
linic acid, but also a good yield of 3-benzoylpicolinic acid. Although the 
condensations with naphthalene, acenaphthene, and biphenvl were all 
effected in benzene solution, the solvent reacted only in the experiment 
with biphenyl.*^® 

Cinchomeronic Acid Anhydride. — Early investigators report ihat 
the addition of cinchomcronic acid anhydride to benzene occurs with the 
formation of only d-benzoylnicotinic acid: 
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Ivhaatt, /. Am. cW foe.. % IIM-IIM (m)i C A., h, 015 
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It has been shown by Kirpal,’^’ however, that two isomeric keto-aoids 
nre really formed. Together with the acid noted above, he also obtained 
S-benzoylisonicotinic acid, 


COOH 



Extraction of the reaction mixture with water dissolves out 4-bensoyl- 
nicotinic acid, leaving the isomeric acid undissolved. The presence of the 
slightest amount of S-benzoylisonicotinic acid lowers the melting point of 
4-bGnzoylnicotinic acid considerably; hence the lower values given to this 
acid by the early investigators. Kirpal reports the melting point of 
4-bcnzoylnicotinic acid as 226° and that of S-benzoylisonicotinic acid as 
270°. 


Sulfur Ring Compounds 

Thiophene. — Fricdcl-Crafts reaction of thiophene-2, 3-dicarboxylic 
acid anhydride, 



<^0 

Cs 


0 


c'' 

^o 


or its substitution products with phenols in which there are two adjacent 
unsubstituted carbon atoms has been claimed to result in the production 
of dyestuffs and intermediates.^*^ The condensing agent may be alumi- 
num chloride or a mixture of it with sodium chloride or ferric chloride. 
The products are hydroxy keto-acids. 

Thianaphthene..— The condensation of thianaphthene-2,3-dicarboxylic 
acid anhydride with aromatic hydrocarbons and phenols in the presence 
of aluminum chloride is of commercial importance in that it offers an 
efficient method for the preparation of dyestuffs of the thianaphthene 
aeries. Mayer and co-workers report that whereas thianaphthene with 
phthalic anhydride in nitrobenzene solution gives a SS per cent yield of 
2- (2-thianaphthenoyl) benzoic acid, 




AlCIa 


uooc 

toeX) 


Jl, SU-Ul tHB9): C. A.. 4, 1S5 (UU). . . 

K zSS'SL'a (ifas) to I. G.! C. Z.. im I, 4«j U. a P 1,TB5,»W (IMO) Vo F. Mayor and 

A"**"*" Woria): C. A., «, 40*4. - u . 

^ Mombour, W. Laaniunii, W. Wemer, P. LancUnann, and B. fikdmaidBr), ilnn.. 
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the condensation of thianaphthene*2,3-dicarboxyUc acid anhydride with 
bensene, using excess benzene as diluent, gives a 92 per cent yield of 
3'benzoy lthianaphthene-2-oarboxylio acid : 




0 + 



Since upon ring closure both keto-acids yield beneothiophantbrcnuqui- 
none, 

o 



the advantage of using thianaphthene-2,3-dicarboxylic acid for the prepa- 
ration of the quinone is obvious. 

Condensation of the anhydride with naphthalene is effected by stirring 
for three days a mixture of the reactants with aluminum chloride in 
nitrobenzene solution. A 92 per cent yield of a mixture of keto-acids, 
convertible into benzobenzthiophaiithrenequinones, is secured. In an 
analogous condensation of 6-chloro-4-niethylthianaphthene with the thia- 
naphthene-2,3-dicarboxylic acid anhydride, there is obtained 4-methyl- 
6-chloro-2,3'-dithianaphthenyl ketone 2'-carboxylic acid, but the yield is 
not so good as in the above-mentioned reactions. When the keto*acid is 
converted into its acid chloride and then treated with aluminum chloride 
in nitrobenzene, ring closure occurs, with formation of the bithianaph- 
thenylquinone derivative: 


CUi o 



Mayer and his co-workers also describe the interaction of thianaph- 
thene-2,3-dicBrboxylic anhydride and hydroquinone in an AlCli-NaCI 
melt to give a 76 per cent yield of 7 , 10 -dihydroxybenzothiophanthrene- 

quinone. 

Friedel-Crafts condensation of thianBphthene-2,3-dioarboxylic acm 
anhydride or its substitution products with aromatic hydrocarbons an 
phenols in the presence of aluminum chloride or an AlCU-NaCl melt is 
covered by several patents.*’* 
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Oxygen Ring Compounds 

It has been shown that anhydridea of o-dibasic lactonic acids of the 
type 

II II 

I I 

R . C O— 

I I 0 

OCs ^0—00^ 

0 I 

n 

condense with aromatic hydrocarbons or phenol ethers in the presence of 
aluminum chloride to give keto-laetonic acids.**® Thus, reaction of 
3-inethylbutanolide dicarboxylic acid anhydride (m.p. 162°) and p-xylene 
proceeds according to the scheme: 


CHi 



OHi 


U 11 H 

II I I 


^ ri 


-C-CHn 

I 


r— Cv /CO 

II I 

0 H 



CH. 


CHi 


(I) 


Condensation is effected by adding, with cooling, 17 g of aluminum chlo- 
ride to a solution of 8.4 g of the anhydride and 12 g of p-xylene in 36 g 
of benzene, allowing the reaction mixture to stand for one day at 0® and 
then for two more days at ordinary temperature. The keto-acid I was 
obtained as the main product, 8 g of it being obtained as a white, crystal- 
line product, m.p. 171-173°. 

The anhydride was shown to undergo similar condensation with 
6-methoxy-p-xylene. 

All cyclic Compounds 

The anhydrides of cyclopentane- 1,1-diacetic acid, 3-methylcyclo- 
ppntane-l,l-diacctic acid, and eyclohexane-l,l-diacetic acid react with 
benzene or toluene and aluminum chloride in normal manner to give 
keto-acids.*” With cyclopentRnc-l,l-diacetic acid anhydride reaction 
proceeds: 
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O Hi III 

II I I 

r— CHi c— c 
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^Mini)^' and M. N. BobtMhukina, Ber.. U, 2701.2806 (1920); Bnf. Chtm dbi.-A, 

F- Hunter^ and B. M. M MuhAnunnii. / Chim Soc , 1018.1010 (HB7). 
A. Wali, Prrni. Indian Acad, Bci., 6A, 186-148 (1087); C .4 , J2, 508 (1908). Pw 
anhyarids with talume uul AlCI. to (iv* a,a>evdo> 
C T £r*t;iS''VU'Pn>l>UisiB MtlM B. C. Sm-Oupte, /. Mian Chm Sac . U, S4t-H (IIW). 
R r 'Vw'nTT?. r^S WwHw rio w ow with mpbthalme wid hightt arcwintii* h. droenrboM, «e« 
Bm-GnDto, /. iMHM Cktm. Sac., 17, lOl-we (IMt); C. A., M, Ml. 
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From 9 g of cyo1opeiitane-l,l-<i>BCctic anhydride there was obtained 8 g 
of the above product, 1-phenacyIcyclopcntanc-l-accbic acid. Similar 
reaction with 3-methylcyolopcntane> and cyclohcxane-l,l-diacetic anhy- 
drides yielded l-phenacyl-S-mcthylcyclopentane-l-acetic acid and 1-phcn- 
aoylcyclobexane-1 -acetic acid, respectively. Only one product was 
obtained in each case. 

Camphoric anhydride with benzene and alumimun chloride, according 
to Burcker,*^* yields phenylcamphoric acid (tn.p. 142°) together with 
other products. Loss of carbon monoxide is involved. 


CHi o 

I II 

HiO— 0 C 

^C(CH«)« ^ Ctn. + Aicii^ 
HiO— O C 

I II 

H 0 


CHi 

I 

HiO— C CiHi 

j ^C(CH,)i 4 ro 
HiO — O COOH 

I 

H 


The loss of carbon monoxide from camphoric anhydride when a chloro- 
form solution of the anhydride is treated with an equal amount of alu- 
minum chloride and allowed to stand over night has been noticed by 
several investigators.^^* 

However, Eykman *** observed no cleavage of carbon monoxide when 
he reacted toluene or anisole with camphoric anhydride in the presence 
of aluminum chloride. The condensation with toluene yielded a keto- 
acid (m.p. 187°) which was reported to be l,l,2-trimethyl-2 (or 5)-toluyl- 
cyclopentanecarboxylic acid-5 (or 2) : 

CHi 

I 

HiC — C — CO . C.Hf . CHj 
CtHi . CHi + AlCIi ^ j ^C(CHi)i 
HiC — C— COOH 
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II 


CHi 0 
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^C(CHi)i 
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CHi 

I 

HiO — O — COOH 
I ^C(CHi)i 
HiO— O — CO . CiHi . CHi 

I 
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The condensation with anisole gives a product (m.p. 172°) the constitu- 
tion of which is similar to that obtained with toluene, except that fix’ 
anisyl residue is substituted for the tolyl residue. 


■■B. Bonkar, Sii« Me. ehtm. (3). lU-llI (UW); /. Chtm. Soe. Xbi.. W ah "j ^ 
Btmkir ud C. Btobd. Comirt. rwid., Ilf, 411-418 (1884): /. CIMm. S4 n;. Xbi., (8 (I). US 
■•F. H. Lea Bnri W H. Parkin, /. CAam. Soc.. ff, SH-ISl (Iffl). W. H. Fa^n bnii YaUa. 
Chm. 8ee..n, lin-UM (INI). 

■•J. F. ib^nn, Chan. WaabMod, 4, fir-IU (ISST); C. X.. IWr n, 1848. 
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Aliphatic Dicabboxylic Acid Anhtdbidbb 

Friedel-CraftB condensatioiis with anhydrides of aliphatic dicarboxylio 
acid anhydrides proceed as with phthalie anhydride. Reactions of the 
maleic, citraconic, succinic, pyrotartaric, and glutaric anhydrides with 
aromatic hydrocarbons or their derivatives or various heterocyclic com- 
pounds in the presence of aluminum chloride generally yield keto-acids, 
the condensations proceeding according to the schemes: 
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pyrotartaric anhydride 
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^-benzoyl-a-methylpropionic acid 
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7-benzoylbutyrio acid 


glutario anhydride 
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Condensations have also been effected witJi the polyanhydrides of 
adipic and sebacic acids. Here not only is the u-boutoyl fatty acid 
formed, but also a dibensoyl alkane and a dibasic acid.”* 

Although additions effected with aliphatic dibasic acid anhydrides are 
not as frequently complicated by the formation of isomeric product as 
are analogous reactions with ph^alio anhydride, instances in which the 
condensation takes an anomalous course have been reported. These will 
be cited in the more detailed account of the individual reactions, which 
follows. 

Maleic Anhydrldo 

Condensations with Aromatic Hydrocarbons. — ^The production of 
/9-benzoylacrylic acid was reported in 1882 by von Pechmann.^^^ A few 
years later, Gabriel and Colman gave a more thorough account of the 
condensation. These investigators gradually added 15 g of aluminum 
chloride to a solution of 10 g of the anhydride in 100 cc of benzene and 
heated the reaction mixture for six hours at 55-60°. A slow evolution of 
hydrogen chloride was noticed. The reaction product separated itself into 
two layers. The upper benzene layer contained the keto-acid. It crystal- 
lized out even upon cooling, but the addition of dilute sodium hydroxide 
gave a more complete precipitation. The crude keto-acid gave about 9 g 
of the pure acid upon recry.stallizatiun from boilmg water. 

In a study of a senes of Friedel-C'rafts reactions with malcic anhy- 
dride, Kozniewski and Marchlew-ski -■** recommend the preparation of 
j9-benzoylacrylic acid by shaking 30 g of maleic anhydride in 1 liter of 
benzene with 40-50 g of aluminum chloride, heating after 24 houis for 
10 to 15 hours at 40-50°, decomposition of catalyst complex with cold 
water and hydrochloric acid and .separation of the benzene by steam dis- 
tillation. The crude )8-benzoylacrylic acid was found to contain some 
phenyl-y-keto-«-hydroxybutyrie acid, probably because of the presence 
of some malic anhydride in the maleic anhydride. 

Recently, Puminerer and Burhta--^ showed that if the reaction wcic 
conducted in the presence of a large excess of the catalyst and of the 
hydrocarbon, disubstitution occurred Thus, upon adding 75 g of finely 
powdered anhydrous aluminum chloride to a solution of 10 g of inalcic 
anhydride in 10 cc of benzene and heating the reaction mixture f"i 
twelve hours, with stirring, there is obtained 4 g of «-phenyl-j8-bcnzoyl‘ 
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propionic acid, m.p. 148'’. In this case there is addition of benzene to the 
oletoic bond. 

That the formation of the disubstituted product occurs, with inter- 
mediate formation of ^-benzoylacrylic acid, is evident from the fact that 
the same product is obtained upon treatment of the latter with benzene 
and aluminum chloride. With toluene under like conditions, the unsatu^ 
rated keto-acid yields a-tolyl-/?-benzoylpropionic acid. 

Other investigators report normal condensation of maleic anhy- 
dride with benzene, and point out that neither an excess of benzene 
nor of the anhydride interfere with the course of the reaction. The melt- 
ing point of the pure j8-benzoylacrylic acid is given as 97° ; von Pech- 
mann had given 64° as the melting point of the hydrated acid. 

The condensation of toluene with maleic anhydride has been reported 
by von Pcchmann,^22 secured ^-toluylacrylic acid, m.p. 138®. Koz- 
niewski and Marchlewski also note the formation of the unsaturated 
keto-acid. Pummerer and Buchta obtained a-tolyl-j9-toluylpropionic 
acid. They used the same procedure as that described above for the 
preparation of the phenyl homolog of this compound, except that 300 cc 
of toluene was used instead of 20 cc of benzene. ;9-Toluylacrylic acid 
was likewise shown to react with toluene and aluminum chloride to yield 
a-tolyl-jS-toluylpropionic acid. 

In describing the keto-acids obtained by him from maleic anhydride 
and benzene or toluene, von Pechmann noted that upon heating them 
over their melting points, or by treatment with a dehydrating agent like 
acetic anhydride, acetyl chloride or phosphoiyl chloride, they were con- 
verted into red, fluorescent substances. This transformation was subse- 
quently investigated by Kozniewski and Marchlewski, who suggested that 
the substance obtained by heating /^-beiizoylacrylic acid with acetic acid 
was probably dibcnzoylquinone, 

o 


C»Hb . CO 


CO . CiUi 


o 


and that the dyestuff obtained from jS-toluylacrylic acid had an analogous 
structure. With the synthesis of 2,5-dibenzoylquinone, however, the fore- 
going structure has now been excluded as a possible structure for Pech- 
mann dyes,®*^ 

The constitution of Pechmann dyes was subsequently investigated by 
Bogert and Ritter,*^® who suggested that, since the jtf-aroylacrylic acids 
Under water cleavage were readily converted to highly unsaturated lac- 
tones. 


/. Am. Chom. 8oc., 45, 222-588 (1023); M. T. Bogeit and J. J. Eitter. /. -Am. Chm. 

Md B. BlMjhta, Btr., 81. 1018-1021 (1086); C. A.. 30, 4m, 

T, Bogart uid J. J. Ritier, Proc. Nut, Acad. 3ci. Wachmgtm, 11^ 888-867; C. Z., 1924 II, 
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O COOH 0 CO 



the Pechmann dyes were probably lactone addition products: 

O CO CO O O CO CO — o 

+ nd;— c=>(!'ii — ► r c : ch . (l!=(!; . ch : c: . r 

The lactone structure has been supported by Pununcrer and Buchta/-” 
who found that, upon dehydration, a-aryl>j9-aroyl acids are readily con- 
verted to lactones of tlic diaryldihydrofuran scries, which lose one atom 
of hydrogen under the influence of atmospheric oxygen with simultaneous 
doubling of the molecule. 

The condensation of m-xylenc, psoudocumenc, or mesitylone with 
maleic anhydride and aluminum chloride has boon rcixirted by Koznicw- 
ski and Marchlcwski to yield )8-j»-xyloylacrylic acid (m.p. 114“), 

CHi 


CO . CH : ciicoou 


/S-pseudocumoylacrylic acid (in.p. 149°), 


CIIi 



CHi 


and ^-lucbitoylacrylic acid (m.p. 140 5°), respectively. In each case only 
one product was obtained. In an analogous condensation with p-tert- 
butyltoluene, however, Kozak notes the formation of two keto-acids, 
one of which melts at 133-134° and the other at 115-117°. With o-tert- 
butyltoluene only one product, 4 (or 3) -methyl-3 (or 4) -fert-butylben- 
zoylacrylic acid (m.p. 123-124°), was secured. 

In file reaction of naphthalene with maleic anhydride and aluminum 
chloride in dry benzene, a 70-80 per cent yield of a crude mixture of 
/9-(l-napfathoyl)- and /S- (2-naphthoyl) acrylic acids is secured. Thu 
crude product was shown to consist of 40 per cent of the 1 -isomer and 
60 per cent of the 2-iBomer.^^ 

Condenaatione with Phenol Ethers. — The reaction of phenol ethers 
with maleic anhydride in the presence of aluminum chloride has been 
reported to proceed either with formation of keto-acids or with the pro- 
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cluction of succinic anhydride derivatives. Kozniewski and Marchlew- 
obtained /8-(4-ethoxyben2oyl) acrylic acid (m.p. 143-144°), by 
Fricdel-Crafts condensation of maleic anhydride with phenetole, A 
61 per cent yield of the acid (m.p, 143°) was secured by Eger by grad- 
ual addition of 24 g of aluminum chloride to a solution of 18 g of phene- 
tolc and 10 g of maleic anhydride in 80 oc of carbon disulfide, placing the 
reartion flask in ice water until all the catalyst had been added, and then 
allowing the flask to stand for three hours in water kept at 40-50°. The 
koto-acid formed a pasty complex with aluminum chloride. This was 
transferred in small portions into a vessel of ice water; the volume of 
water was brought up to about 11 parts, and the residual carbon disulfide 
was removed by heating. The reaction mixture was filtered while hot; 
as the filtrate cooled, the keto-acid crystallized out. 

The production of the acid in 62 per cent yield has been reported more 
recently by Rice using carbon disulfide as solvent and an efficient 
('Icctric stirrer, until the hardening of the addition product made stirring 
impossible. When the solid red cake was decomposed with ice and con- 
centrated hydrochloric acid, the unsaturated keto-acid separated out as 
a solid and was filtered off with suction. Rocrystallization from benzene 
gave yellow needles, m.p. 141-142°. 

Recently, Dave and Nargund reacted a number of phenol ethers 
with maleic anhydride in an attempt to secure derivatives of succinic 
anhydride. In every case, however, they secured benzoylacrylic acids. 
These investigators report the Friedel-Crafts preparation of the fol- 
lowing: 

^-(3-mGthyl-4-methoxybenzoyl) acrylic acid, m.p. 163'' 
^-(2-mcthoxy-5-mpthylbenzoy]) acrylic acid, m.p. 126” 
/9-(2-methyl*^mcthnxybenzoyl) acrylic acid, m.p. 141” 
^-(3,4-dimethoxybenzoyl)aciylic acid, m.p. 178” 
/9-(2,5-diniPthoxybenznyl)acrv]ic acid (methyl ester, 
m.p. 65”. b.p. 216"/42 mm.) 

In 1931, however, Rice*®® had found that the condensation of resor- 
cinol dimethyl ether with maleic anhydride and aluminum chloride pro- 
ceeded mainly with the formation of (cliinethoxyphcnyl) succinic anhy- 
dride, 


CH* . COy, 


PH . 



OCH* 


Reaction was effected by solution of 53 g of maleic anhydride in 71.6 g 
»f the other, gradual addition, under rapid stirring, of 150 g of carbon 
disulfide, and subsequent addition with iefe cooling and constant stirring 


ng24). 

0. BofiXav, 7, Pt. 8. 191-198 (198S); C. il., 
-1189 (1981) -, C. A., 25, 4898. 


33, 3n9. 
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nf 80 g of finely powdered alinnimim chloride. There was isolated 49.2 g 
of the (dimethoxyphenyl) succinic anhydride noted above, 5.2 g of (di< 
inethoxyphenyl)6uorinir acid, 5.6 g nf (dimethoxybenzoyl) acrylic acid, 
and a small amount of a- (dimethoxyphenyl) -^-(dimethoxybenzoyl) pro- 
pionic acid. Rice explains the fonnaiion of the succinic anhydride deriv- 
ative by advancing a mechanism involving l,4*addition to maleic anhy- 
dride and the formation of a- (dimethoxyphenyl)-^- (dimethoxybenzoyl) - 
propionic acid by addition of resorcinol at the double bond of the pri- 
marily formed (dimethoxybenzoyl) acrylic acid: 


(rm,o)*r(ini . cociiiCucooH 


(CHaO)i . CiHiCO . CH : CHCOOH + CftIl4(OCTIa)2 



OPHa 


OCHi 


In connection with the work of Rice an I. G. Farbenindustrie patent 
is of interest. It specifies the production of aryl derivatives of succinic 
anhydride by the reaction of maleic anhydride with aromatic hydro- 
carbons which have at least one saturated side chain, in the absence uf 
Friedel-Crafts type catalysts. Addition takes place at the side-chain of 
the hydrocarbon without disruption of the maleic anhydride ring: 
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The anhydride of benzylsuccinic acid is formed according to the foregoing 
equation by heating 1000 parte of toluene with 98 parts of maleic anhy- 
dride in a pressure vessel for one-half hour at 305-315°. After this 
temperature has been held for 20 minutes a pressure of about 32 atmos- 
pheres is developed. 

The reaction of ^-phenoxyethoxyethyl chloride with maleic anhydriHc 
in carbon disulfide solution has been claimed to proceed normally, with 
formation of (/9-chloroethoxyethoxy)benzoylacrylic acid®*"^: 
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Co&denMtion with PhmoU in Solution.— ^-(Hydroxybenzoyl) acrylic 
acid (m.p. ISd.S**) has been obtained in 25 per cent yield from phenol, 
maleic anhydride, and aluminum chloride in benzene solution.^ 

Attempts to condense resorcinol with maleic anhydride and aluminum 
chloride in carbon disulfide have been reported to result only in conver- 
sion of the anhydride into fumaric acid.*^® 

Use of AlCla-NaCl Melt with Phenols or Phenol Ethers. — Maleic 
anhydride and hydroquinone in an AlCla-NaCl melt at temperatures of 
over 200° yield naphthazarin 


oil o OH o 



OH o on 0 


In the alkyl naphthazarins, the quinoid and benzenoid state of both rings 
appear to be exchangeable. Hence, the condensation of 3-alkyl hydro- 
quinones under the same conditions results in the formation of naphthaz- 
arins in which the alkyl derivative is substituted in the quinone nuclei: 


on o OH 0 



on o OH o 


Kuroda and Wada^*® thus report the preparation of the following 
3-alkyl naphthazarins; 

m p. C’C) ni p. ("C) 

ethyl ' 126 n-butyl 86 

propyl 118 isoamyl 96 

isobutyl 89 isohexyl 100 


Condensation with 2-alkyl hydroquinones proceeds analogously with 
production of propyl-, n-butyl-, and isoamylnaphthazarins, m.p. 97°, 
113°, and 91°, respectively. 

Brockmann and Muller have prepared alkylated naphthazarins by 
reacting alkylated hydroquinone methyl ethers with maleic anhydride in 
ftn AlClj-NaCl melt. During the reaction, saponification of the methoxy 
groups occurs, with production, in rather good yields, of the following 


^M. T. Bogeit uid J. J. Rittoi, /. Am. Cfum. 8oc., 47, 520.^ tlQSS). ^ ^ 

Oohwat, Aim., 4U, 72-97 (WW): C. A.. 22, MM- C. Kjrodft wd M. Wa^, 
^ io Phy». Chmn. Ain. Tokyo. 34- 1740-17*1 (IW ' 

R. Kuroda and M. Wada. Proc. Imp. Acad. T^tyo^ 12, 389-241 (Nov., IBM); C. Z.. 1937 1, 


“C. Kuroda and M. Wada, Proe. Imp. Acod. 12, 389-241 (Nov., IBM); C. Z.. 


1 ,JJ J‘ “J M. WadB. Sa. ftiprii but. Fhyi. Chrm. Het , J4, I740-17#l (Nnv 1MB), C. Z , 

■“U. Uradmiaim aod K. Midler, ilnfi., S40, BI-7B (IBB). 
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alkyl naphiliazarins from the correspondingly alkylated hydroquinonc 
ethers: 

DKp. (“O m.p. (»C) 

ethyl 127 isobutyl 94 

prenyl 98 isounyl 89 

In the condensation of S-isolicxylliydroquinonc dimethyl ether with 
maleic anhydride under the above conditions, isohexylnaphthazarin was 
not secured. Instead, the product was l,r-dimethyl-l,2,3,4-tetrahydro- 
quinizarin (m.p. 83°), formed by ring closure of the intermediate alkyl 
naphthazarin: 


OCHs 


CHa 

I 

^CHaCHaCHiCH 


maiyip anhydride^ 
AlCla-NaCI ^ 


OCHi 


CHa 



Clla CUa 

on O \ / 

C 

^CHa 



In the analogous reaction with 3-isohexylliydroquinonc, however, 
Kuroda and Wada reported only the formation of isohexylnaphthaz- 
arin. 

Brockmann and Miillcr found that the condensation of 2,3-diniethyl- 
hydroquinone with maleic anhydride results in the formation of 2,3-di- 
methy Inaphth az aiin : 


OH o 



on o 


According to Kuroda and Wada,^^^ however, 2-methyl-3-methoxyhyihi>- 
quinone with maleic anhydride yields 7-hydroxy-6-methyliiaphthazarn^ 
m.p. 193°; 


OH o 



OH o 


C. KariMU wid M. W*<U. Proe. Imp. Acad. Tokpo, 12, 119.241 (Nov., 1999) ; C. Z., 1937 I. *^57 
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Substituted Maleic Anhydrides 

At the time that vun Pechmann reported the synthesis of )8-ben- 
zoylacrylio acid from maleic anhydride, benzene, and aluminum chloride, 
he also stated that the analogous roartion with citraconic anhydride and 
benzene yielded /ff-benzoylcrotonic acid, CftH 5 CO.C(CHs) iCHCOOH, 
m.p. 113°. According to Bogert and Ritter, however, the reaction 
results only in the production of a-mothyl-jff-bcnzoylacrylic acid (m.p. 
153°), secured by these investigators in 20 per cent yield. 

It has been reported by Kozniewski and Marchlewski that citra- 
oonic anhydride and methylpropylmaleic anhydride undergo Friedel- 
Crafts reaction with aromatic hydrocarbons only with great difficulty, 
and that diphcnylmaleic anhydride apparently does not react at all. 

The condensation of methylethyl maleic anhydride with hydrocar- 
bons and aluminum chloride, and the action of dehydrating agents on 
ihv resulting keto-acids has boon studied by Marchlewski.^*® 

In an AlCla-NaCl melt, citraconic anhydride and hydroxyhydro- 
qiiinone yield 6 (or 7) -hydroxy-2-methylnaphthazarin.-*^ Under like con- 
ditions, toluhydroquinone gives 2,6 (or 7) -dimethylnaphthazarin and 
2,3-dimcthylhydroquinonc affords 2,3,6-trimcthylnaphthazarin.**^ 

Condensation of dibromomaleic anhydride with aromatic hydrocar- 
bons is described by Lutz.^*® Upon warming gently for 30 minutes a mix- 
ture of 150 g of dibromomaleic anhydride, 120 g of aluminum chloride, 
and 300 cc of benzene, and then heating on a boiling water-bath for 
la minutes, a pasty mass is obtained from which 124 g (M per cent yield) 
of crude f7>-)0-benzoyldibromoflcrylic acid is secured: 



BrC— CO 


Bi — r— CO . CiiTU 



Bi — c — rOOH 


Analogous reaction with mesitylcne, effected by refluxing the reactants 
for 20 minutes, gives a 79 per cent yield of (2,4,6-trimethylbenzoyl)- 
dibromoac^ylic acid. 


Succinic Anhydride 

The preparation of ^S-benzoylpropionic acid from benzene and succinic 
anhydride in the presence of aluminum chloride was first reported by 
Burcker and a few years later by Gabriel and Colman,^*® who gave a 
more detailed description of the reaction. 

Kohler and Engelbrecht secured 60-75 per cent yields of the acid 
(m.p. 116.5°) by first grinding together 70 g of dry succinic anhydride 
'^'ith 100 g of powdered aluminum chloride, gradually adding with stirring 
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350 g of dry bonecne, and then allowing the reaction mixture to stand foi 
10 to 12 hours at room temperature. Somerville and Allen added in 
one portion with stirring, 200 g of aluminum chloride lo a mixture oT 
68 g of succinic anhydride and 350 g of benzene, and heated the reaction 
mixture under reflux and continued stirring for one-half hour. They 
obtained 77-82 per cent yields of the impure acid, m.p. 111-113°. The 
pure acid melts at 116°. 

Skraup and Schwamberger secured 10 g of the acid by adding, in 
4 portions with mechanical stirring during the course of six hours, 10 g 
of aluminum chloride to a mixture consisting of 10 g of succinic anhy- 
dride and 100 g of benzene. 

The condensation of succinic anhydride and toluene, with formation 
of )3-p-toluylpropionic acid, has been described by various investigators 
Katzenellenbogen secured a 47 per cent yield by dissolving 20 g of the 
anhydride in 100 g of hot toluene, cooling the solution, adding gradually 
30 g of aluminum chloride to it, and heating the reaction mixture for six 
to eight hours at 40-50°. 

De Barry Barnett and Sanders have reacted a series of alkylbcn- 
zenes with succinic anhydride. Condensation was effected by slowly 
adding 60 g of aluminum chloride to a mixture of 0.2 mole of the anhy- 
dride and 0.22 mole of the hydrocarbon in 75 rc of sym-tctrachloroethanc 
Reaction was rapid at room temperature and was completed in two to 
three hours, excejit with p-xylene, in which case the reaction mixture was 
allowed to stand over night. The method gave 80-90 per cent yields of 
the following alkyl-substituted /9-benzoylpTopionic acids from the corre- 
sponding hydrocarbons: 


m p. ("O m p ("C) 

4-methyl 129 2,4rdimethyl 114 

4-isopropyl 142 2,5-dimethyl 

3, 4-dimethyl 129 


Friedel-Crafts reaction of mesitylene with succinic anhydride ha'^ 
been reported to yield a /ff-mesifoylpropionic acid, m.p. 107®. 

Addition of aluminum chloride to a mixture of succinic anhydride 
and ethylbenzene in benzene has been reported by L6vy to result in 
production of /3-(4-ethylbenzoyl) propionic acid, m.p. lOffi-103®. 

fsrf-Butylbenzene, succinic anhydride, and aluminum chloride in car- 
bon disulfide gives a 66 per cent yield of / 3 -( 4 -(Jert-butylbenzoyl'l pro- 
pionic acid, m.p. 121-122® 


P. Kohler wd B. Engelbroaht, /. Am Chmm Boe , 4t, 784-770 (IPIB). 
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MB 

A 10 g yield of j3-(4-chlorobenzoyl) propionic acid (m.p. 131 *’) has 
been obtained by heating at 40-50°, until evolution of hydrogen chloride 
has ceaeed, a mixture consieting of 120 g of chlorobenzene, 10 g of suc- 
cinic anhydride, and 16 g of aluminum chloride.^'' 

Hydrocarbons containing condensed nuclei also react with succinic 
anhydride; thus hydrindene produces y-keto-y-S-bydrindylbutyric acid,^*" 

CO-CHi . CUi . COOH 



Naphthalene may produce a mixture of naphthoylpropionic acids. Borsche 
and Sauemheimer conducted the reaction at 50-60° and obtained only 
/9-2-naphthoylpropioDic acid, but Giua obtained both the 1- and 2-i80- 
ineric acids when reaction was carried on in the cold, and observed that 
licat increased the proportion of the 2-isomer. Haworth obtained 
better results by conducting the reaction in a solvent, such as nitroben- 
zene or carbon disulfide, with a 50 per cent excess of hydrocarbon; Fieser 
and Peters, obtained still better results with a 10 per cent excess of 
anhydride. 

Haworth and his co-workers and Fieser and Peters conducted the con- 
densation of alkyl naphthalenes with succinic anhydride in nitrobenzene 
solution. Some of these preparations are listed; 


Alkyl naphthalene 

-propionic acid 

Ref. 

l-Methyl 

/7-(4-methyl-l-iiaphthoyl)- (80% yield) 

2 

2*Methyl 

^-(6-methyl-2-iiaphtlioyl)- (10 g from 

14 g of hydrocarbon and 10 g of the 
anhydride) 

3 

2-Methyl 

/9- (2-methyl-l-naphthoyl ) - 

4 

^-iBopropyl 

^-(6-iBopropyl-2-naphthoyl) - 

3 

2j3-Dimethyl 

^-(6,7-dimcthyl-2-naphthQyl)- (70% 
yield) 

1 

2,7-Dimethyl 

/3- ( 2,7-di incihyl-l-nuphthoyl) - 

4 
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Fieser and Peters studied the condensation of acenaphthcne with 
succinic anhydride in the presence of aluminum chloride and nitrobenzene 
at 0® and —15®, and observed the formation of two isomeric producti) 
^-(3-acenaphthoyl) propionic acid (I) and /8-(l-accnaplithoyl) propionic 
acid (II) 


GO . CHt . CHiCOOH 



with (I) the predominant product. Aa an interesting reaction it wa^ 
further observed that heating (I) with an AlCla-NaCl melt at 150° gave 
rise to the formation of peri-succinoylacenaphthenc, 


UaC-- Cllj 

I I 

c-o 


HiC CUt 


Condrasation of biphenyl with succinic anhydride and aluminum chlo- 
ride in nitrobenzene solution proceeds normally, with formation of (4- 
phenylbenzoyl) propionic acid m 70 per cent yield.^®®“ 

The condensation of anthracene and succinic anhydride produces 
)8-(2-Bnthroyf) propionic acid in only about a 10 per cent yield.®®* 
Tetralin, with succinic anhydride in the presence of aluminum chloride 
in nitrobenzene solution, gives a 90 per cent yield of ^-6-(l,2,3,4-tetra- 
hydronaphthoyl) propionic acid.®®® Phcnanthrcnc derivatives condense 
in an analogous manner ; for example, 9,10-dihydrophenanthreno produces 
/8-2- (9,10-dihydrophenanthroyl) propionic acid,®®® 



CO . cua . cus . coon 


and retene forms a 6-retoylpropionic acid,®®^ 
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BEI 


nooc . CHt . cui . c=o 

iS>™-(A) 


CHi 


Chrysene suspended in benzene and reacted with succinic anhydride 
and aluminiim chloride yields /J-(2-chryBenoyl) propionic acid as well as 
some /9-benzoylpropionic acid. A temperature of 35-40*^ seems to be the 
optimum for the production of the chrysene derivative.^®® 

The reaction of 4,5-niethylcnephenanthrene with succinic anhydride 
and aluminum chloride in nitrobenzene solution results in the production 
of /J- (4, 5-methylenc-l-phcnanthroyl) propionic acid in 45.4 per cent yield. 
9,10-Dihydro-4,6-methylenephenanthrene undergoes succinoylation only 
in one position, (4, 5-mcthylcne-9,10-dihydro-2-phonanthroyl) propionic 
acid being secured in 99 per cent yield.®®® 

Condensation with Phenol Ethers. — Succinic anhydride condenses 
readily with phenol ethers. Reaction is generally effected by treating 
with aluminum chloride under cooling, and then allowing the reaction 
mixture to stand at room temperature. The yield may increase with the 
time of standing. For example, in the preparation of j8-(2-methoxy-l- 
methyl-6-naphthoyl) propionic acid from l-methyl-2-naphthyl methyl 
ether and succinic anhydride in nitrobenzene solution, the yield is 41 per 
cent after standing for 40 hours, 63 per cent after standing for three days, 
and 78 per cent after five days. 

Solvents have been shown to have a decided influence on the course 
of the reactions. Consequently, they have been indicated in the list of 
preparations effected with phenol ethers and succinic anhydride which 
are shown in Table 29. 

Condensations with Phenols.— The reaction of phenols with succinic 
anhydride hu been shown to proceed normally if condensation is effected 
at 120-135° in s^/^^^tefi'Eichloroethane solution. Use of nitrobenzene and 
higher temperatures gives poor results. Products which have been 
obtained from phenols and the cresols are listed®'^®: 


Phenol 

-pinpionio aeid 

m.p. ("O 

Phenol 

P-(2-hydroxybcn«oyl)- and 
^-(4-hydroxybeiiBoyl)- 


o-CresoI 

/3-(4-hydroxy*3-toluyl)- and 

P- (2-hy droxy-3-toliiy 1 ) - 

184 

136-7 

m-Cresol 

(2-hydrDxy-4-t oliiyl ) - and 

P- ( 4-bydroxy-2-toluyl) - 

154 

172 

7>-Cre8ol 

only /9-(2-h3rdroxy-5-ioIuyl)- 
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Tabir SO Condramtions with Phrno! Ethcra 


EUirt 

propiotiir end 

Solvent 

%\ield 

lUf 

Aniwile 

fi fp-methox^benio^l)- 

oSlftNOi 


1 2 

8 

Phenstola 

fi (p-methoi 3 beniovl)- 

exceae of 
pheoetole 

S9% 

4 

7 

Diphenyl ether 
Vmtrole 

P- (p* phenoxylMMieoyl ) 

P (9 4 dimethoxvb(nro\l) 

cat 

CfHtCl 4 

n 

46 

44 

^8 7 

64 

21 

10 

1 5 
LO 

12 

1(1 

Gounool 

no reuctinn 

^^NOs 

CACU 


10 

IP 

10 

Rtforunol 
dimethyl ether 

P (2 t-diniethosybenroyl) 

cs. 

C.H.CI4 

BO 

88 

00 

10 

1 6 
10 

10 

Rencmiliol 
incmomethyl ether 

P (2-hydroxy 4 -inethoxvbenB 03 l) 

SlaNOi 

rwHBn4 

BO 

83 

60 

10 

10 

10 

Hvdmqulnone 
dimethyl ether 

P (2 5 dimi thoxybf nrml) 

cs. 

^.NO. 

CACU 

40 

70 

45 

10 

1 

ID 

10 

Hydroquinane 
manomethyl ether 

no reaction 

^iiNOt 


10 

10 

10 

OtduiqI 

dimethyl ether 

P (2 4 dun Bill oxy-0-meihylbonioyl) 

cs, CaHrNO, 
or C^H^l4 


25 

Hydronybydro- 
qumone tn- 
metfayl ether 

P (2 4,5-trimethaKyb«Bixovl) 

CS. 


1 

Pyromlldl tn- 
methyl ether 

P«(2-hydroxy-8 4 ilnnethuxybmBovI)- 

CS. 

rs. C.H<iNO| 
or CgHiC^i 


1 

25 

o Greeol methyl 
ethv 

P-(4-methoxy-S mcthylbenioyl) 

C,IIdNO. 


3 12 

p-Cimol methyl 
ether 

P (2 niethoi:\ 3 mpthylbcmeoyl)- 

CeHfNO, 


3 12 

m-Oeeo] mithyl 
ethor 

P - (4 -meth oxy - 2-methylben8 oy 1 ) > 

CbHoNO, 


3 12 

S-Methyl-B-mo- 
propyiHUfole (7) 

P (4-methoxy-2-meihyl-S-uiDpropyl- 
benioyl)- 

CiHcNOw 


3 

p-X 3 dyl methyl 
ether 

P (4-iiiLethoxy-2 8 dimetliylbenenyl)- 

CkHrNO, 

70 

8 

B-Methyl-B- 

ethyUniaole 

P (3-methyI-0 ethylimiiioyl)- 

CbHbNOj 

00 

9 

4.Ethyl-2- 

methoiytnlaene 

p-(2-methyl-8 ethylannoyl)- 

CsHrNDt 

80 

D 

/B-PhenoKyethoicy- 
ethyl chloride 

( P-ehloroeth oicyeth oxy )-beiuoyl • 

OSi 


13 

a NmphthDl 

methyl ether 

P-(4 mpthoxy 1 naphthovl)- 

cs. 

ligroin 

C,H NO, 

10-40 

00-92 

00 02 

40 

14 

15 

IB 

16 

16 

r 

a-Nephthol 
ethyl ether 

n p (ptiioxy naphUiDvl) , m p 198* 

CBj 


17 

ll-Nephthol 
methyl ether 

f p-(3-meth(ny-l-naphtbovn- (1) 

IP (6 inpthoxy-2-iiaphtheyl)- . 

CaH NO, 


15 

22 

22 

23 


fl part of (f) and 8 pnrta of 
lP-(2-mrthoxy 6«naphthoyl)- 
only 1 
only 1 

OANOt 

C^^NO, 

40 

(toUl) 

a a 
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Table ^^-^ConUnu^d) 


Ether 

-propianio oeid 

Solvent 

% Yield 

Ref. 

l-Methyl'I- 

methoxy- 

naphUi^nui 

^-(2-inethoxy-i-iiieUiyI'8-nBphtboyl)- 

CANOi 

78 

24 

l-Metbozy-?- 

iMpropyl- 

naphtholenc 

0 -( 1 -inethozy-7-iaopropyl -4 unphthuyl ) - 

bemione, or 
better in 
CiH^4 


10 

1 , 6 -Dimflthoay- 

naphtholene 

^-(4,B-duuDthitty-l-tiaphibo> l)- 

C0H4NO* 

OS, 

85 

21 

10 

18 

1,5-Diuieibaxy- 

naphtholene 

0 - (4 -hy droxy -B-methoKy - 1 - naplith oyl) - 
(heaiuig at 40-74”) 

c,H,a 4 

100 

18 

]i-Methoxy 

bipheoyl 

a mixture of 

P-(4-moihDxy-4'-xennyl)- and 
/3-(4-iiiptiiozy-a-XBnoyl)- 


24.6 

00 

20 
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Monomethyl ethers of dihydroxy phenols do not undergo condensa- 
tion with BUGciiiic anhydride as readily as do the dimethyl ethers. Dalai 
and Nargund state that although veratrole and hydroquinone dimethyl 
ether easily react with succinic anhydride, no reaction occurs when 
guaiacol or hydroquinone monomethyl ether is treated with succinic 
anhydride and aluminum chloride under varying conditions. ' Resorcinol 
nionomethyl ether does condense, but the yields of keto-acid are lower 
than they are in the analogous reaction with the dimethyl ether: 



% Yield of kelii-ncid 

% Yield of krto-ooid 


from reecirciTiol 

from reBoroinol 

Bolvut 

monomethyl ether 

dimethyl ether 

Nitrobensene 

40 


Carbon disulfide 

35 

60 

oi/Tn-Tetrachloroeth ane 

40 

80 


Condensation with Heterocyclic Compounds. — Two moles of succinic 
*^^»hydride add to carbaznle in Friedel-Crafts reactions. Upon slowly 

Q- A. Dalai and K. B. Noriund, J, Indian Chem, Boc., 14, 406-410 (1037); C. Z., 1038 I, 4087. 
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adding 150 g of aluminum chloride to 30 g of carbazole and 45 g of auc- 
oinic anhydride in 600 co of freahly distilled nitrobenaene with good mix- 
ing and cooling, there ia obtained 60-62 g of cBrbazole-3,6-biB-(kelio- 
butyric acid)*”; 

o 

II 

HiO— Cx /D— CHi 

I o + C Xa j + ^ I — ► 

HiC— \/ \/ ''C— CHi 

II 

o 



IIOOC . CHi . CHi . CO'X/ \/^CO . Clla . CIU . COOH 

Thiophene reacts normally with succinic anhydride to give /9-(iz- 
thenoyl) propionic acid: 




nb/^co . ciii . CHi . coon 


o 


Addition during uiic hoiu* of 288 g of aluminum chloride to a stirred 
mixture of 98 g of succinic anhydride, 80 g of thiophene, and 880 cc of 
nitrobenzene kept at 0-5°, and subsequent stirring of the reaction mix- 
ture for four hours results in a 54 per cent yield of the keto-acid. A 
21 per cent yield is obtained when carbon disulfide is used as solvent.^'" 
Analogously, addition of aluminum chloride during the course of three 
hours to a mixture of 2,5-dimethylthiophenc and succinic anhydride in 
nitrobenzene at 0-5° and subsequent stirring for six hours yields 2,5-di- 
methylthenoyl-3- ()8-propionic) acid : 


CUi CO . CHi . CHi . COOH 



Clli 


j8-2-Dibenzothcnoylpropionic acid. 


/\_/\yCO . CHj . CHi . COOH 

Cw 

**R. lUjnawiki and J. Buaako, ArrK Ch^, Form 3, 183-140 CIW); C. d., A 3^- 

»L- F. Fieatf anii R. Q. Am. Chom. Soe„ 51, lOll-lOlO ji,. .a (H) 

“W. Btettkopf, I. PmilaaoBr and 0. Ann., Slf^ 138-134 (tOU); Bnt. Ao ■ 

I (tOM). 
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is obtained in 66 per cent yield when a suspension of 92 g of dibenzothio- 
phene and 55 g of succinic anhydride in a mixture of 400 cc of sym-tetra- 
ohlorocthane and 200 cc of nitrobenzene is treated with 150 g of aluminum 
chloride at 0-5®, and then hydrolyzed by ire and hydrochloric acid.*"^® 

Substituted Succinic Anhydrides 

Pyrotartaric anhydride add^ lo brnzrnc in the presence of aluminum 
chloride to give /?-benznyl-a-methylpropionic acid^'^®: 


nn* 

/\,r() . CHa . CH . rtJOH 

'j 


A 60 per cent theoretical yield of the acid is secured by adding, during 
ten minutes under cooling and shaking, 74 g of aluminum chloride to 37 g 
of the anhydride in 185 g of benzene, allowing the reaction mixture to 
stand for 30 minutes at room temperature, and then heating it at 40° for 
one hour, and finally at 100° for two hours.^^^ 

Condensation of pyrotartaric anhydride with 2-mcthylnaphthalene 
and aluminum chloride gives a 60 per cent yield of /ff-(6-mpthyl-2-naph- 
Ihnyri -a-methylpropionic acid,-'^® 


r 


O nia 

II I 

/(’-ru 
1 + 0 I 


rila 



cn. 

1 

CO CHa . CH . COOH 


According to Anschutz and co-workers reaction of phenylsuccinic 
anhydride with benzene in the presence of aluminum chloride leads to 
addition of the’ benzene at the carbonyl group adjacent to the phenyl 
'Substituent, with production of /?-benzoyl-)ff-phcnylpropionic acid: 


cmi 

I 

HO— C\ 

I 

HbC 

II 



C#ll6 

1 

HC , CO . CeH# 

I 

HaC . coon 


More recently,^®® however, the reaction has been reported to result in 
formation of the above acid (m.p. 168°) as well as in formation of the 
isomeric j^-benzoyl-oc-phenylpropionic acid (m.p. 154°) 


St A. L, Jacoby, /. Org CAem., 3, 108419 (1938); C'. A., 579. 

•nT* toe. eh\m. (S), 25, 511-812 (1900); J. CAem. Soc. Abe., 79 (I), 497 (1900). 

n n Btr., 54, 4197-4884 (1901). 

mn Haworth anf IVM. Bolam, /. CAem. 8oe., 2948-9251 (1932). 
mA wd P- Walter. Ann.. 354, 150 (1907). ^ 

r &. D. Deni, R. P. Huotar. aod S. tc. M. Muhammad, /. CAem. Soe., 1013-1010 (1007); 

■ «*, 1187 II, UOi 
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C<H( 

I 

uc . rooH 

I 

HiC . CO . C«ll« 


and a neutral product (m.p. 285°) probably the lactone of s-hydroxy- 
«,y,y-triphenyl-n-butyric acid, 


CIKCtllt) I 

or its )8,y,y-triphenyl isomer, 

yCir,n,)7—o 

(CiHs)rn I 

'^ciia ro 


When 30 cc of toluene and 10 g of phenylsuccinic anhydride are 
treated with 20 g of aluminum chloride there ia produced 5 g of /9-phrnyl- 
^-p-toluylpropionic acid fm.p. 154°), and 3 g of ot-phenyl-j3-p-toluyl- 
propionic acid, m.p. 150°. If the reaction is effected in nitrobenzene suhi- 
tion, and 5 g of the anhydride is used, there are obtained 3.5 g of a-plienyl 
acid and 0.6 g of the /}-phenyl isomer 

Condensation of phenylsuccinic anhydride with veratrole and alumi- 
num chloride in nitrobenzene solution proceeds smoothly, giving an 84 per 
cent yield of )B-veratroyl-a-phenylpropionic acid.““ The condensation 
of p-methoxyphenylsuecinic anhydride with veratrole has been reported 
to be not so smooth a process as that of phenylsuccinic anhydride.-"' 
However, it was later shown that veratrole, hydroquinone dimethyl 
ether, and resorcinol dimethyl ether give the expected keto-acids when 
react^ with p>methoxyphenylsuccinic anhydride and aluminum chloride 
in appropriate solvent. With anisole or tolyl methyl ethers, p-methoxy- 
phenylsuccinic anhydride gives normal reaction products also.^"^' 

2,4-Dimethoxyphenylsuccinio anhydride reacts with resorcinol di- 
methyl ether and aluminum chloride in carbon disulfide solution to give 
a misiture of ketonic acids.^"” 

a,st-DimethylBUccinic anhydride undergoes Friedel-Crafts reactioii 
with benzene to give the expected «,a-dimethyl-j8-benzoylpropionic 
aoid.’’^ Diethylsuccinic anhydride reacts analogously.”* 

Condensation of isodibromosuccinic anhydride with benzene in the 
presence of aluminum chloride gives iso-)3-benzoylacrylic acid dibromide 
(m.p. 142°) in an 80*85 per cent yield.”'' 


■E. D. DiMi ud A. Will, Proe. ZiKlian Acad. Set., Sort. Af, 1U-14S, (Ang., IHT); C. Z., 

H. 4111. „ „ 

■•B. BebtnKm and T. C. Yoang, /. Chum. Soe.. 1114-1411 (ItSS); C. A., Ja IT. 

■■B. BobbtfOD umI J. Walkv. J, Ch&m. Soc„ lOD-lSSB (IBU); C. A., $0, mmqv Bnl 

O. a, Sarkw^ K_y. Boka, and K. a Norgund, /. Oniv. Bombat, t. Port 1. l»-»* (>"•’’ "" 

Nugimd, /. Oni*. Bombatr. t, Port 1. W-lIT (IBD 

, nu-siH rmi). 

... , _1, •i>M (IfH)i C. A., 32, 2S4I. 

**'11. T. Bogart and S. i. BIttar, t. Am. Chum. Sac., 4T, IM-Hi (IHI). 
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Anhydrides of Higher Aliphatic Dicarboaylic Acids 

Addition of glutaric anhydride to benzene, effected by adding a ben- 
zene solution of glutaric anhydride to a suspension of aluminum chloride 
in benzene, and maintaining the reaction mixture at below 15° for 
1 i hours results in production of y-benzoylbutyric acid in 80-85 per cent 
yield.**® 

More recently *** the reaction was effected by adding 16 g of alumi- 
num chloride to a cooled solution of 7 g of the anhydride in benzene, and 
after twelve hours, heating the reaction mixture until hydrogen chloride 
was no longer evolved. There was secured 8.5 g of the y-benzoyl-n- 
butyric acid, m.p, 132°. Smooth addition may also be effected with some 
substituted glutaric anhydrides.**® From )3,/0-dimethylgIutaric anhydride 
and benzene under analogous conditions, there is secured a good yield of 
y-benzoyl-^,)9-dimethyl-n-hutyric acid, b.p. 115°/35 mm. 



r(CHi)» 

I 

CllaCOOlI 

Similarly, )ff-methyl-^-ethylglutaric anhydride yields y-benzoyl-/S- 
methyl-j^-ethyl-n-butyric acid, mp. 49°. ^-Phenylglutaric anhydride 
was found not to condense with benzene; instead, internal condensation 
to ketohydrindene-3-acetic acid occurred. 

Intramolecular ring closure also occurs when j3-benzohydrylglutaric 
anhydride is treated with aluminum chloride in 5T/m-tctrachloroethane 
solution. l,2,3,4-Tetrahydro-4-keto-l-phenyl-2-naphthaleneacetic acid is 
produced in 63 per cent yield 



c 

I I 
o c-ii 
\c^^c-rooH 

FTs 11a 


The polymeric anhydrides of adipic acid and sebacic acid react with 
benzene in presence of aluminum chloride to yield mixtures of the appro- 
priate alkane, u-benzoyl fatty acid, and dibasic acid: 



L. R Bam^la tnd 0. F. H. Allen. Org. Synthwen. 13, 12-14 (WOT), 
pjftli: F. Hunter, end 8. M. M. Muhammad, /. Chem 

B. Ncwbu Mid L. M. JoAd, J. Am. Chem. Sot., (2, l»n-4 (1»4Q). 


doe., lOU-lOM (IM7); 
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6M 


(X) 

\c/ 


+ (SH, 


Airia 


CiH.CO(Cll.). . CO . CiH. + 


i C.H, . CO . (CH,)„COOH ? HOOC(Cn.),COOH 

Hill found that the polyanhydride from adipic acid (prepared by 
refluxing with acetic anhydride for six hours) with benzene and aluminum 
chloride gives 75 per cent of u-benzoylvaleric acid (m.p. 70-71°) and 
85 per cent of dibenzoylbutane, m.p. 105-106°. In the same way sebacic 
polyanhydride gives 78 per cent of u-benzoylnonanoic acid (m.p. 77-78°) 
and 86 per cent of dibenzoyloctane, m.p. 92-93?. 

According to Plant and Tomlinson^**- crude adipic anhydride, pre- 
pared by refluxing the acid with an excess of acetic anhydride for six 
hours and then removing the volatile material under reduced pressure at 
100°, is entirely unsatisfactory for preparing S-anisoylvaleric acid and 
a,S-dianisoylbutane. From 40 g of adipic anhydride, 60 ec of anisule, 
60 g of aluminum chloride in 100 cc of carbon disulfide solution, upon 
refluxing for three hours, these investigators secured 14 g of the a-anisoyl- 
valeric acid (m.p. 127°) and 15 g of a,8-dianisoylbutane, m.p. 144°. Tlic 
condensation with phenetole took a similar course, }rielding a,S-diplienc- 
toylbutane (m.p. 127°) and 8-phenetoylvaleric acid, m.p. 110°. 

» J. W. HOI, J. Am. Chem. Sar , H, 4105-41S6 (1(32); C. A., 2f, (914. 

G. P. Plant and M E. Tomluuon, /. Chem, Soc , 1(M12-1D94 (1D35). 



Chapter 10 
Aldehyde Synthesis 

A very interesting application of aluminum chloride involves the 
synthesis of aromatic aldehydes. There are two generally applied meth- 
ods. One of these, usually called the Gatterman-Koch reaction, employs 
carbon monoxide for the conversion of aromatic hydrocarbons to the 
corresponding aldehydes thus. 


CHO 



Clli Clli 


.liiminuin chloride promotes this reaction in the presence of a small 
mount of water or hydrogen chloride and an activating agent such as 
uprouB chloride. The use of pressure eliminates the necessity for an 
ctivator. 

The foregoing reaction is unsuitable for the preparation of aldehydes 
if phenols or phenol ethers. However, by means of hydrogen cyanide in 
die presence of hydrogen chloride and aluminum chloride, these com- 
pounds arc readily converted to the corresponding aldimides which in 
turn may be hydrolyzed to the aldehyde. This method of preparing aro- 
matic aldehydes is known as the Gattermaim synthesis. Zinc cyanide 
may be substituted for hydrogen cyanide with excellent results. 

It is of interest to note that both of these reactions may be considered 
as Friedel and Crafts reactions, in the sense that both processes are 
believed to involve the primary formation of chlorides. In the Gatter- 
mann-Koch synthesis formyl chloride is first formed: 


tX) + llCl 


Cl-C 


/ 


V 


In the Gattennann reaction, imidoforinyl chloride is an intermediate 

product: 

H 

/ 

IfCN + IICI — ► Cl-C 


11 
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These derivatives subeequently react with the aromatic compound accord- 
ing to the Friedel-Crafta reaction. 

The Bynthesis of aromatic aldehydes by reaction of aromatic hydro- 
carbons with carbon monoxide in presence of hydrogen chloride and 
metal halide catalysts was first reported in 1897 by Gattermann and 
Koch,^ and is generally known as the Gattermann-Koch aldehyde syn- 
thesis, to distinguish this method from the so-called Gattermann aldehyde 
synthesis which involves the use of cyanides.* 

Gattermann and Koch prepared p-tolualdehyde from toluene by treat- 
ing it with a mixture of hydrogen chloride and carbon monoxide in the 
presence of aluminum chloride and cuprous chloride. Only a trace of 
aldehyde was formed when aluminum chloride was used without cuprous 
chloride. Subsequent investigation ‘ showed that the cuprous chloride 
may be replaced by nickelous, cobaltous, or ferric chloride, or by tungsten 
chloride. Nickelous chloride gives the best yields, but in no case are they 
much above 50 per cent of tliosc obtained with cuprous chloride. The 
use of sulfuric acid, together with hydrogen chloride, was found advan- 
tageous.* 

Gattermann was unable to prepare benzaldehyde with the aluminum 
chloride-cuprous chloride cataly.st; he was able to react benzene with 
carbon monoxide and hydrogen chloride only if aluminum bromide were 
substituted for the aluminum chloride in the Gattermann-Koch aldehyde 
synthesis.* According to Refurmatsky,* an 85-90 per cent theoretical 
yield of benzaldehyde is secured when a mixture of hydrogen chloride 
emd carbon monoxide is passed through benzene containing freshly pre- 
pared aluminum bromide and cuprous chloride. The mechanism of the 
reaction was explained by assuming that hydrogen chloride and aluminum 
bromide give aluminum chloride and hydrogen bromide, and that the 
latter, in the nascent state and in the presence of cuprous chloride, then 
condenses with the carbon monoxide to form the bromoanhydride of 
formic acid, which subsequently reacts with benzene to yield hydrogen 
bromide and benzaldehyde. 

It was later shown that the Gattermann-Koch aldehyde synthesis may 
be used for preparing benzaldehyde in presence of aluminum chloride if 
reaction is conducted in nitrobenzene solution at 50-60° and at atmos- 
pheric pressure.* 

In 1914 it was announced that benzaldehyde is advantageously pre- 
pared if carbon monoxide is reacted with benzene in the presence of alu- 
minum chloride under supcratmospheric pressure.'' The use of a htllo 


>L. A. Oattannaiin and J. A. Kooh, Btr.. N, im-ieu (1RR7); /. Chtm. Soe. Abt.. 72 (I), 
(U*7). 

*6ee page 000. „ 

Komyiiald and W. Mrottuki, Bull. wiK. chim, (4), 29, 45B-4fi2 (1921): J. Ch^m. 80 c. Ab 
120 (I), BOr (1921). 

•N. Bbhnpiro. Chem. Ztg., BO, 428 (1026); C. A.. 20, 1765. ^ 

4L. Qattarmaimp Ann., 347, 847-886 (1006); J. Chmn. Boe. Ab$., 90 (1), 580 (1006); c/ , Genian 
P. 08,^ (1868) to F. and (Jo., (3^an P. 120,421 (1890) to KinhiK and Buff. 

■A. Refomiaiaky, RumE. Rhyt. ChMm. Boc , 33, 154-157 (1901); J. Ch^m. Boc. Abt, 80 ( J. 
(1901). 

■ demian F. 400,489 (1921) to liriaonkiroheiMr Bergiwar1cs|a»UMihBft. 

*0«iiMn F. 881,212 (1014) to C. F, Bothnnoar ft Bon; C. Z„ 1919 1. 178. 
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Iiydrogjon chloridn," or of titanium phloride, either alone or in admixture 
with hydrochloric or sulfuric acid, was claimed t/O accelerate the pressure 
reaction of benzene with carbon monoxide in presence of aluminum chlo- 
ride.® Holloway and Krasc'® have made a study of the reaction con- 
ditions for the synthesis of benzaldehyde from benzene and carbon mon- 
oxide under pressure. The reaction was studied at 25, 35, and 50° under 
rarbon monoxide pressures of 1000 Ib./sq. in. in apparatus especially 
designed for establishing intimate contact between gases and liquids, 
or between gases, liquids, and solids under pressure. Factors affecting 
the yield of benzaldehyde were found to include water initially present, 
molar ratio of aluminum chloride to benzene, time, temperature, and 
rarbon monoxide pressure. The presence of water was found to be neces- 
sary. At a given temperature, the rate of conversion was accelerated as 
the ratio of aluminum chloride to benzene was increased. At higher tem- 
peratures, however, the yield decreased as the ratio exceeded 0.5. Between 
25 to 50° maximum conversion decreased with increasing temperature. 
Benzaldehyde was secured in 60-80 per cent yields, based on the benzene. 

Several patents cover the pressure reaction of carbon monoxide and 
aromatic hydrocarbons in the presence of aluminum chloride. One 
reported continuous process consists of heating a benzenoid hydrocarbon 
or its halogenated derivative with carbon monoxide and aluminum chlo- 
ride in the presence of small amounts of benzaldehyde and water at 
20-50° and 350-2000 Ib./sq. in. of pressure.’^ The reaction time may be 
decreased from 12 to 3^ hours if the condensation is effected in the pres- 
ence of an aldehyde-aluminum chloride complex from a previous batch. 
At 25° and 68 atmospheres pressure, an 80 per cent yield of benzaldehyde, 
based on the aluminum chloride, is obtained.^® Another technique omits 
the use of ice for hydrolysis. Improved conversion is secured by intro- 
ducing carbon monoxide into an autoclave containing aluminum chloride 
and benzene which has been saturated at atmospheric pressure with 
water, and, upon completion of the reaction, discharging the reaction 
mass slowly into water maintained at 10-60°.^* 

The production of aromatic aldehydes is claimed to be facilitated 
where first an addition compound of CO and HCl under pressure is pre- 
pared. This may be secured by leading a mixture of anhydrous hydrogen 
halide and carbon monoxide in molecular proportions at 20-250 atmos- 
pheres into a pressure vessel containing aluminum chloride,^® The pres- 
umes of copper, in at least equimolccular proportion to the aluminum 
rhloride, is advantageous.^® 


2126. 


to J. I^npnan; C. A., 10, 

*84,000 (1020) to I. G., C. A,, 25, 710; Brit Hirm 1018 (1080); U. R. P. 1,- 

B39 005 (lOM) to OoiBral Aniline Work*, C. A.. 20, 1388. 

' ?■ “nd N. W. Krew, Ind. Eng. Ch 


Chim., 23, 4D7-808 (1083); c/. J. H. Hnllijvray, 


d/Eng. C/iem., 24, 1001-1002 (1082); C. A., 20, 5820. 
nt. 

rn f w A. .. u.miMk (to duPiiiit)i C. A., 2fi 1894; Brit. P. 448,800 (1084) to 
uiifV <1® <1“ root). Brit. Chm. Abi -B, 888 (1986). 
uSd!- I- (lOM) to B. 1. du Foot; C. A.. 30, 1780 

un tl-i Brit. Cham. dbi.-B, 777 (1988) 

V- a. p. i,ini,eB (im) to i. a. 
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A recently described synthesis of toluene consists of primary pres- 
sure synthesis of benzaldehyde and subsequent reduction of the benzalde- 
hyde to toluene. A 2:1 mixture of benzene and aluminum chloride is 
heated for four to eight hours at 30*’ in an autoclave containing carbon 
monoxide at 70-150 atmospheres pressure. About half the benzene is 
converted to benzaldehyde if secondary reactions are prevented by addi- 
tion of a small amount of benzaldehyde or of a benzaldehyde-aluminum 
chloride complex. The benzaldehyde, diluted with an equal amount nf 
benzene or toluene, is reduced to toluene by treatment with hydrogen 
under pressure at SOO-SOO** in presence of molybdenum trisulfidc on char- 
coal. Under favorable conditions 94 per cent of benzene can be converted 
into toluene. 

p-Alkyl benzaldehydes may be prepared by reacting benzene simul- 
taneously with carbon monoxide and with an agent adapted to intrnduri' 
an alkyl group, in the presence of aluminum chloride.^^ 

As has been pointed out by Gattermann/ alkyl benzenes undergo the 
Gattermann-Koch aldehyde synthesis more readily than benzene. Only 
one aldehyde group is introduced. The entering radical takes a position 
p- to an alkyl substituent present. If the p-position is not available, a 
displacement of the p-alkyl substituent may occur. Harding and Cohen 
reported the formation of 2,6-dimethylbenzaldehyde from p-xylenc; but 
it was later shown that the reaction product, b. 219-229°, which was 
secured by these investigators is really 2,4-dimethylbenzaldehyde. Obvi- 
ously, the p-alkyl group had migrated during the reaction: 


CHs 



Clla 


CHO 





Gattermann found that aldehydes could not be prepared from phe- 
nolic ethers by means of carbon monoxide and hydrogen chloride in the 
presence of aluminum chloride and cuprous chloride because the latter 
was insoluble in the ethers in the presence of aluminum chloride. 

Reactions effected with alkylated or halogenated benzenes and carbon 
monoxide in the presence of aluminum chloride under various condition?* 
are listed; 


*'^W. DamMUi, E. Krobi, mnd H. Borchera, Tnch. Mitt, Krupp Tech. Ber., 6| 59-68 (1988), 
Chm. 1886 (1988), C. A., 33, 6867. 


»U. B, P. 8,158,518-9 (1889) to W. C. NwUy (to du Pont). .. 

»B. P. Hvding Mfl L. CoIwd, /. Am. C/ttm. Swj., 23, 594-006 (1801) i /. Chem. Soc. Abi., 

*“L. Franoesfloni uid 0. M, Mundiei, Ooif. ebim. xUd., 32, 11, 887-494 (1808); /. 

84 (1). 488 (1808). C. M, Mundiri, Oau. rh*m. itai., 34 (ll), 114-122 (1804); /. Chem, Soc. Aon., 
(I). 807 (1004). 

BL. Cbtiermuin, Ber., 31, 1140-1182 (1898). 
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Aromalio 

Added 

Beaotion 

Aldehyde 


CompoBMit 

Ckxnponent 

Conditione 

Beoured 

Ref. 

Tolume 

nci ^ Cu^cij 

5 hours 

p-tolu- 

1.2 

ToIinub 

HCl Cuj^j 

20- 

p-tolu- 

a 

Toluene 

tiUmium oliLoride 
-i-HQ 

86-40Veo atm. 
preeiuro 

p-tdu- 

7 

Tulueue 

HCl 

nitrobenzoie 

solution 

p-tolu- 

8 

Tolucno 


preeaure 

p-tolu- 

10 

D-Xylunc 

UCl + CuiCl^ 

35" for 7-6 lioura 

3,4-dini ethyl - 

1.2 

m -Xylene 

HCl OugClj 


2,4-dilDBthyl- 

1.2 

p -Xylene 

HCl + CuflCli 


DD reaction 

1 

p-Xylane 

Ha + CuiOs 


8,5- dimethyl - 

4 

p-Xylrae 

Ha + cudCii, 


2,4-dimethyl- 

5,6 

Moaitylene 

HCl ^ Cuj^l2 

50" for H lioura 

only small amt. 
of 2,4,6-tri- 
methylbens- 

1 

KUiylbonMiiie 

HCl 1 Cu^iCla 

20-25" for 3 huura 

p-ethylbPHE- 

2 

Cumene 

HO + Cu^aji 

4 houra/BO" 

cuminol 

1 

Biphenyl 

HQ + CuaCIa 

e-B hourB/40" 

biphenyl -4- 

1 

Biphenyl 

HCl + CuiClu 

6 hDur8/35-40” and 
Bland over night 

biphenyl-4- 

0 

Hydrindene 

HCl + CuiOa 

riKMii Umporaiurp 

liydrindene-5- 

1 

Clilurabeniene 

titanium chloride 
+ Ha 

60"/50 atm. pressure 

p-chlorobeni- 

7 

Clilorobeniene 


pressure 

p-cliloiubenz- 

10 

DiiBopropylbeiiBatte 

Cuaaa; with or 
without Ua 

wiLli or witliDui 
pressure 

diisopmpylbenz- 

11 

laupropylbenzene 

u above 

aa above 

diisopropylbans- 

11 


(bdcI bensenc u 
by-product) 


Rf'fnmut 

. L. GBttennann, Ann,, 347, 347-384 (1M6); /. Cfu-m. Soc. Abs.. 90 (1). 5SB (1900). 

il. L. QBtt«nnBim wad J. A. Kooh. Ber., 30. 1622-1624 (1BB7); /. Clivm. Soc. Aha., 72 (I), 519 C1B8T). 

3- Q. H. Colemu and D. CraiK, Orff. Buntheaps, 12, 8D-B3 (1932). 

4. E. P. Hirding and L. Cohen, J. Am. Chem. Sac., 23, 694-606 (1001); /. Chem. 5oc. Aba., 80 (I), 

, , 228 (1901). 

5. L. FrancoBOOni and C. M. Mundici, Gais. c/iim. ital., 32 (2), 407-494 (1902); /. C/um. Soc. Aba., 

. 84 (1), 420 (1902). 

e. C. M. Miindiel, Od^a. chim. iCal., 34 (2). 114-124 (1904); /. C/iem. Sor. Aha., 86 (I), 807 (1904). 

U. B. P. 1,088,005 (1022) to Genend Aniline Workc, C. A., 28, 1850; Dnt. P. 334,009 to I. G., C. 

„ ^ A., ^710, /}nt. Chem. Ahs.-B, 1010 (1030). 

3. German P. 4M,4n (1021) to Odiienkirchener J^rEawcrkKeacllBchafi. 

B- p. H. Hmp, /. Chem. Boc.. 2470-2470 (1081). 

0- Qmiin P. 281.212 (1014) to C. F. BDohrinaer and Bon, C. Z., 1915 1, 178. 

Brit. P. 2n,7n (1018) to I. G. Farbeninduetrie. 

Nickel carbonyl condenses with benzene in the presence of aluminum 
cliloride in the cold to give bcnzaldchyde. The yield obtained is not 
large, not exceeding 25 per cent of the weight of the benzene used. If the 
I'eaction is effected at 100°, only a trace of benzaldchydc is secured, the 
main product being an anthracene derivative. Toluene, Tii-xylene, and 
mc'sitylene similarly give small amounts of corresponding aldehydes in 
llie cold, and anthracene derivatives upon heating. The formation of 
aldehydes is probably due to decomposition of the carbonyl, the resulting 
carbon monoxide reacting as in the Gattermknn-Kocli aldehyde synthesis. 
Tile formation of anthracene derivatives was assumed to be due to auto- 
condensation of the aldehydes, but Hey has noted the formation of 
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small amounts of anthracene in the Qattermann-Koch synthesis with 
benzwe, and has assumed its presence to be due not to the condensation 
of two molecules of bensaldehyde, but to a scries of reactions probably 
involving the decomposition of the aldehyde 

CtHi . CUO U.H. + CO 

and a subsequent reaction of the carbon monoxide with aromatic hydro- 
carbons to provide the meso- carbon atoms in the anthracene moleculu 

Gattebmann Aldehyde Synthesis 

The Gattermann-Koch aldehyde synthesis, described in the preceding 
section, is unsuitable for the preparation of aldehydes of phenols or 
phenol ethers. Gattermann and Ins co-workers found, however, that 
such aldehydes can be readily obtained in almost theoretical amount by 
the action of hydrogen cyanide and hydrogen chloride on the ether or 
phenol in presence of aluminum chloride. It was then postulated that the 
reaction proceeds with primary formation of imidoformyl chloride, aiul 
subsequent reaction with the phenol or phenol ether to give a primary 
aldimide. The latter is easily convcited to the aldehyde upon heating 
with dilute acids ‘“r 


NH 

HCN + HCl — ► Cl C ^ 

s 

s 

H 



C : NH 


I 

H(HCI) 


r OR 



L H(IICl) 



NUiCI 


« J. Dmr Mid H. 0 JonM. /. Chm Soe., IS, SU-X» (IMM); el. A. HmiMr, J. Chem Sot . »• 
lUS-lMl (HOT), C. A., 2 , n . 

■O. H. Bar. /- Chm. See., 71-71 (HU). 

ML. OsttaniiMBi ud C. Fraiaal, Bar., 3L 1141-llU (lIM). L. OattanDaim ^Mid W. 

Bar„ su 17M-17H (IMS) L. (tattannaim and M. Kdbnar, Bar., a, OTB-IH (IIN). L. aattannami aii 
T. Bnan, Bar., 12, Ht-IM (UM), L. Oattatmann, Ann., 317, lll^W (1M7). 

OatUnBum, Ann.. 347, U7-IH (INI). 
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The roactinn haa been applied to aromatic hydrocarbons, to furans, 
find to carboxy- and keto-derivatives of m-dihydmxybenaones. 

Studies of the Gattormann rcartion applied to aronialic hydrocarbons 
has given an insight into the mechanism of the process. Hinkel and his 
co-workers found that the AlClj.2IICN complex seems to be too stable 
to give reaction below 40°. However, above this temperature, aromatic 
hydrocarbons are readily converted to the corresponding aldehydes. 
From a study of the action of bromine on hydrogen cyanide and its 
double compound with aluminum chloride fAlCla.2HCN) it has been 
shown that the latter compound is best represented as a molecular com- 
pound of aluminum chloride with immo-formalcarbylamine (bimolecular 
hydrogen cyanide), AlCls.NHiCH NG. With hydrogen chloride, it forms 
the complex AlCla-NHrCH N:CHC1, which upon heating dissociates into 
aluminum chloride and chloromcthylcneformamidine, NH:CH.N:CHC1. 
These results support the hypothesis that chloromethyleneformamidine 
and not iminoformyl chloride is the active agent, according to the follow- 
ing scheme: 

Nil : rii NIT : CH 

N : C^IK'l N : PIKMI. — ^ NH. + lIPOalT + NH : CHCaH. 


— V NIT, + Call.. Clio 


This mechanism, however, is not generally accepted and the majority of 
workers prefer to accept iminoformyl chloride as the reactive agent. 

An attempt has been made to determine whether the reaction with 
jihenols proceeds through intermediate condensation with the hydroxy- 
group, and subsequent rearrangement to aldimide.^"^ In the absence of 
catalysts like aluminum chloride or zinc chloride, phenols were found to 
reart readily with hydrogen cyanide in the presence of hydrogen chloride 
tn yield imidoacyl aryl ester hydrochlorides 

R.OH + HCN + HCl ► R.O.CHiNH.HCl 


hut rearrangement into aldimine could not be effected. Obviously imido 
ester formation and nucleus condensation are independent reactions, the 
presence of aluminum chloride serving to suppress formation of ester and 
to favor introduction of the imino- group into the nucleus. 

Introduction of the aldehyde group into the nucleus occurs at the 
p-position, if it is available. When the p-position is already occupied by 
B- substituting group, o-hydroxy- or alkoxy- aldehydes are formed in 
small yields in the benzene series, and readily in the polynuclear series. 
MonoBubstitution of the aldehyde group is the rule, but disubstitution has 
secured with aryl ethers of glycols: 


••L. B. HirfMl B. B. AyliDff. slid W. H. Morimii. /. CW Soc . 27M-rM CW). L. B. E. 

^ and J. H. /. Chmn Zoo., IB9«a«6 (IBII). L. E Hink«l, Brit. P. m.lU (IRI); 

Ltd, L B. Hinkd and T. t. Wntkm., 

”J. BoubM,^., ■, Hn-nn (i9M)i c. A., a, lue (lUT). 
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Clio CHO 



CHfO . CHiO CllfO . CHiO 


Although biphenyl gives only a monoaldehyiie, o,o'-dialkoxy- biphenyls 
yield dialdehydes. Resorcinol, orcinol, and phloroglurinol undergo the 
Gattennann aldehyde synthesis in absence of catalyst, in ether solution 
Resorcinol ethers require the use of n catalyst, but a mild catalyst like 
zinc chloride may be used. 

The Gattermann aldehyde synthesis is effected by dissolving IIk* 
phenol or phenol ether in benzene or ether, treating this with hydrogen 
cyanide and then adding aluminum chloride at room temperature, nr 
preferably with cooling. Hydrogen chloride is then passed into the reac- 
tion mixture, first with cooling, then at room temperature, and finally 
under gentle warming, until the ga.s is no longer absorbed, usually for 
from one to four hours. Hydrolysis is effected by pouring the reaction 
mixture on ice, slightly acidified with hydrochloric acid. Unrcacted 
phenol and the solvent arc removed by fractional distillation. The 
method used for isolating the aldehyde depends upon its volatility. If 
it is volatile, it is separated during distillation; if not, by ether extraction 
or by conversion into the bisulfite. If the phenol used is not readily 
volatilized, the aldehyde may first be removed by treatment with sodium 
bisulfite, and the phenol removed by ether extraction. Various modifi- 
cations of the procedure, directed especially at avoiding the preparation 
and handling of hydrogen cyanide, have been made. Johnson and Lane 
have devised a method in which the hydrogen cyanide is passed into 
the reaction vessel directly from a generator. The use of zinc cyanide, 
instead of hydrogen cyanide, has given satisfactory results.®* This method 
will be discussed later. 

In Table 31 are listed some reported preparations of hydroxy- and 
alkoxy-aromatic aldehydes by Gattermann's method. 

The use of zinc cyanide instead of hydrogen cyanide for the Gatter- 
mann aldehyde synthesis was first reported by Adams and Levine,®* who 
found that resorcinol, orcinol, a- and ;9-naphthol, or pjrrogallol condensed 
with hydrogen chloride and zinc cyanide in the absence of catalyst to 
give compounds that hydrolyzed readily to form hydroxy- aldehydes. 
Subsequently, Adams and Montgomery*^ investigated the use of ahi~ 
minum chloride with the less reactive phenols. Phenols or phenol 
and zinc cyanide were mixed with benzene as diluent, and hydropn chlo- 
ride was passed into the mixture, with cooling, imtil the saturation pom 
had been reached. Aluminum chloride was then added and hydrogen 


■ T. B. rohMoli ind V. W. Um, J. Am. Olmit. Soe., 41. B4S-US (ItU). 

* ft. Adams and B. Mkmtgcmiery, J. Am, Chmn, soe,, 1018-1521 (18M). 
M ft. Adams and 1. hmM, /. Am. Cftam. Boc„ 4$, Bn-2in (1828). 

*^It. Adams and E. Montgmery, /. Am. Chem, Soc,, 48, 1518-lUl (18M). 
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Table 31 

For Bolvents, B= benzene; E=:diethyl ether. 

For catalysts, Z=ZnCli; otherwise AlCh has been used. 

Reaction temperature given indicates maximum temperature used. 

% yields are indicated in parentheses aftor product. 


Fhonol or 

Phenol Ether 

IICN 

Catalyet Temp, 
(g) ("C) 

Time 

(lirs) 

SuIvL-nt 

Product Hof. 

20 g Phenol 

20g 

30 40 

4 

30gB 

p-liydroxybenzaldehyde 2,11 

(30%) 

11 ) g o-Cnnol 

IDg 

15 40 

•• 

10 gB 

4-hydroxy-3-methylbeiui- 2 
aldehyde (40%) 

10 g m-CrfSol 

10 g 

15 


15 gH 

4-hydroxy-2-methylbenB- 2 
ddehyde (60%) 

p-Crirsol 

■■ 



B 

2-hydrozy-5-methylbeni- 1 
aldehyde (5%) 

4 g o-Ethylphenol 

5 cc 

B 

8 

30gB 

4-hydrnxy-3-Bthylbenz- 1 

aldehyde (0^) 

3,5-DietbylphBnol 





4 -hydroxy-2, 0-diethyl- D 

bensnldehyde 

d g p-Xylenol 

5 B 

10 40 

3 

20gB 

2,5- rlimrthyl- 4 -hydroxy- 1 

benzaldehyde (80%) 

P-Xylmol 

•• 



D 

above compd. and a litUc 10 

2,6- dimcthyl-O-hydroxy - 
bemaldeh^e 

10 g tui/Tn-o-Xylenol 

20 cc 

20 30 

0 

60 gB 

3.4-dimethyl-O-hydTDxy- 1 
benealdehyde (low) 

Jj g 1,2,3-XylQnol 

10 cc 

15 40 

7 

50 R B 

4-hydrDXV-2,3-dimBtbyl- 1 

bensBldehyde (60%) 

20 g Hym -m-XylBiiol 

20 re 

30 36 


70 k 14 

l-hydroxy-Z.O-dimetbyl- 1 
benaaldehyde 

8 g VIC. m-Xylenol 

10 cc 

15 40 


BOgB 

4-hydroxy-3, 6-dimethyl- 1 

benaaldehyde 

0 g CarvBcrol 

6 cc 

6 35 

3 

12gB 

4-hydroxy-5-methyl-2- 1 

isopropylbensaldehy de 
(60%) 

10 K Thymol 

10 B 

15 40 

4 

15 gB 

4-livdroxy-2-methyl-5- 3 

ieopropylbanzaldehyde 

15 g e-Nephthol 

15 cc 

15 gZ .. 

2.5 

30 gB 

4-hviJrnxy-l-n»phthaI- 3 

dehyde (100%) 

10 g n-N^phthnl 

10 B 

10 35 

2.5 

50 gU 

4-1iydTOzy-l-naphthal- 2 

dehyde 

15 g ^-Nnphthol 

10 DC 

15gZ .. 

2.5 

30 gE 

l-hydrnxy-2-nBphihal- 3 

dehyde (100%) 

5 K Ii 6 -Dih]rdr 03 iv- 
naphthnlene 

10 cr 

5gZ 0 
20-25 


40 cc E 

l,5-dihydToxy-4-naphth- 1 
aldehyde 

5 g 2,7-DiliydrDsy> 
naphthalene 

B cc 

OgZ 0 

1 

40 cc E 

2,7-dihydToxy-l-naplith- 1 
■Idehyde (100%) 

5 g 2,0-Dlhydroxy- 
naphthalane 

10 cc 

6 g Z 0 

1 

45 BG E 

2,8-dihydTOxy-l-naphth- 1 
aldehyde 

10 R 3-Pheannthrol 

14 rc 

12 45 

3 

50 rc B 

S-phenanthml-l-nlde- 13 

hyrle (70%) 

1 1 'O diffDrmi dih/draxy- 
iiaphUiElcnBs 


Z 


E 

hydroxyiiaphUioldc- 10 

hydes 

10 g Rueonunol 

5 cc 

0 


30 gE 

2,4-dihydrnxybeuzaldo- 2,4,8 

hyde (100%) 

l|<art RMoroinol 

OrGinol 

B0% 

oroeu 

0 -B 

0 

, , 

3 ports 

E 

E 

2,4- dihydroxy bensalde- 16 

hyde 

4,6-dihydroixy-2-meUiyl- 4 
benealdehyde (100%) 

^ K Oreeorclnol 

10 DO 

IS 

3 

on g B 

3 -nn'tliyl -4,8-dihydroxy- 1 

boneiddehyde (00%) 

l-^RPyrognlloI 

16 s 

40 40 

1-3 

BO gB 

2,3,4-triliydTi)xybcnialdo- 2 
hyde f60%) 
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Phenol or 
Phenol Ethor 

HCN 

OkUljTBt Trap, 
(■) (‘C) 

1 g PUorafliicmQl 

2g 

0 

■■ 

5 ■ o^ydmxy- 
nydroquuane 

5 cr 

2Z 

•• 

10 g Aniooto 

SOg 

15 

40-5 

25 g Phenehile 

25g 

35 

40 

o-Greiyl methyl ether 

■ * 

eg 

■ • 

o-Creeyl ethyl ether 


.. 


m-Oeeyl methyl ether 


.■ 

.. 

m-Qieeyl ethyl ether 


.. 


P-Crmyl methyl ethm- 




p-Greeyl ethyl ether 

• • 


.* 

20 g Reeorcuiol mono- 
methyl ether 

20g 

30 

35-40 

15 g Oroinol mono- 
methyl ether 

IS cc 

22 

room 

30-40 

8 g of eym-SCylenyl 
methyl ether 

10 cc 

5Z 


8 g iirm-Xyleii>1 
ethyl ether 

vie. m-Xylenyl 
methyl ether 

10 cc 

5Z 


ous. Hi-XylenyJ 
ethyl other 

■■ 

•• 

- 

17.5 g Diphenyl ether 

18 DC 

27 

U 

SO-40 

Diphenyl ether 

eeoeu 

, , 


o,o'-Dunethnxybiphenv 1 

10 ec 

10 

0 

70 

OfO'-Diethozybiphenyl 

10 CO 

10 

0 

70 

5 g ^-Nephthyl 
methyl ether 

7 00 

5 

45 

0 g ^-Naphthyl 
ethyl ether 

7 PC 

5 

45 

a-Nephthyl ethyl ether 


*• 


25 g Ventrole 

SOg 

25 

35-40 

25 g Pyroenteehol 
dwthyl ether 

SOg 

25 

85-40 

80 g fteemnol di- 
methyl or diethyl 
etlifr 

80-80 «e 

40f Z 


20 g Beeoroiiiol 
dimethyl eUirr 

20g 

SO 

0 

40-45 

20 g llydmquiniint* 
dimethyl ether 

15 I'p 

10 

0 

35-40 

10 1 Hydroquioom- 
dimethyl ether 

10 DO 

15 

80 


Tune 


(hre) 

Solvent 

Product 

llcf 


llgE 

2,4,0-trihydroxybenialdB- 

hyde 



SOgE 

2,4,5 -trihydroxy benielde- 

hyde 


4 

.. 

enueldehyde ( 1009 ^) 

1 5, a 

4 

-■ 

p -ethoiybeneel dehy de 
(100%) 



•• 

4 -mrthoxy -8-methyl - 
benaeldehyde (00%) 

5,0 



4 - rth oxy-S-methyl - 
benealdehyde (05%) 




4-niethoxy-2-mpthyl- 
benialdehyde (90%) 


-• 


4 - eth 0 * V - 2-metlii 1 - 
benialdehyde 



B 

8-rnethOKy-0-methrix\ - 
benealdehyde (80%) 


•• 

B 

5 -mDth> 1 - 2 - othoxy- 
benealdahyde 


4 

40 gB 

4-liydroxy-2-methoxy- 

benmldehyde 

2 i 

4 

SO DC B 

4-h> droxy-O-methoxv- 
2-ffiothylbeninldehyde 


05 

aOccE 

2,6-dimBthvl-4-mpthox> - 
benealdehyde 


05 

30 CO E 

2 0 -dim ethyl -4- Pth oey- 
bmulddbyde 



B 

4 - m eth oxy -3 ,8 - dunethy 1 - 
bpnialdphvdp, but 
mostly the l-hydroxv 
compound 



B 

4 - eth Dxy - 8,5 - d luifthyl - 
bpiisalilehyde, but 
moiUy the 4-hydruxy 
oompound. 


8 

aogB 

4 - phnnoxybeninl Jehyde 
(50%) 


.• 

.. 

4'pliniuxybenHldeliyde 

14 

1 

2-8 

40 gB 

2,2'-dinieihinKybiphenyl- 

diaUlBhydB-5,5' 


1 

2-8 

40gB 

2,2'-diethoxvbjphenvl - 
dialdehyde-5,5' (50%) 


3 

15 gB 

S-methoxynaph theJde- 
hyde-1 


2 

15 gB 

3-ethcniynaphthalde- 

hyde-1 



B 

4 -ethoxynaphthalde- 
hyde-1 


7 

20gB 

8,4-dimetho9rybBnBalde- 

hyde (00%) 


7 

20gB 

1,4-diethosybenBaldBhydo 

(71%) 



400 00 £ 

8,4-dialkozybenBaldehyde 

lu 

4 

30iR 

2,4 - dinieth oxy brneidd v~ 

hyda 


4 

IHgH 

2.8-diniethi»> bniNaldi^ 
hyda 


8.8 

10 gB 

2,5-dimetlioxybPiisaldp- 

hyde 

1 
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Table Zl-~( Continued) 


rhmol nr 

tJCN 

Ontelyel Temp. 

’Hroe 




Phenul Ethw 

(R) 

rn 

(hrii) 

Rnlvenl 

Product 

lief. 

10 9 HyilroquinuiM’ 

[riethyl ether 

12 rc 

18 

30 

1 

MgB 

2,8 - il i eth osybcnnl d ehy H p 

1 

flrnnopyroeeteohol 
dimethyl ether 


■■ 

40 



4,5-dimethtixy-2-niflthyl- 

benuldohyde 

e 

1,1 g H cum opyrooBt echo! 
(liiuethyl ether 

17 g 

26 

0 

30 

1 

20rD 

4 ,6-dunethcniy- 8-methyl - 
benulddiyde (10^) 

1 

15 g lIomopyrocAteclii)! 
methylethyl ether 

17 g 

26 

0 

30 

1 

20gB 

4-methoxy-5-etlioxy-2- 

methylbenialdehyde 

1 

5 g Hydroxyhydro- 
quuione trim ethyl 
ether 

6 cc 

8 

0 

40-60 


IDgB 

2 , 4 , 5 - trim eth Dxy beni - 
aldehyde 

12 

4 B CreBOrcinnl- 
ilimethyl ether 

5 eo 

7 


2 

20gB 

2 ,4-dimBthoxy- 5-methyl- 
bounldehyde (100%) 

1 

20 g Orcinol di- 
methyl ether 


ao 

room 

30-40 

8 

40 oc B 

4-hvilrozy-O-methoKy- 

2-mBthylbiinu1dehyile 

(70%) 

1 

110 9 Fyrognllnl 
truBi^yl etlier 

60g 

90 


B 

llOooB 

2,3 ,4 - trim cthoatybeni - 
aldehyde (81-58%) 

17, 18 

10 g Ethylene glveul 
diphenyl ether 

16 cc 

20 

0 

30-40 

24 

60gB 

ethylene glyool biB-(4- 
formylphenyl ether) 

1 

10 B Trimethylenp 
glycol diphenj) ether 

20 cr 

20 

0 

30-40 

10 

24 

60 gB 

trimethylene ^yed bie- 
(4-fonnylphenyl ether) 
(80%) 

1 

20 g Ethylene glycol 
di-o-tolyl ether 

20 ro 

20 

10-22 

24 

60 g B 

ethylene glyobl bu-(2- 
methyl -4-fonnylphenyl 
ether) (100%) 

1 

10 R Trunethylcne 

Hlyool di-o-tolyl 
ether 

20 ce 

20 

0 

10-22 

24 

00 g B 

trimeUiylene givcol bin- 1 
(2-mBthyl-4-iDnnylphenyl 
ether) 

10 fi g Ethylene glycol 
di-m-tolyl ether 

20 00 

10 

0 

24 

125 gB 

ethvlcne glycol bu-(8- 
m ethyl - 4 - f onny Iph enyl 
ether) (88%) 

1 

12 g m-Chloropkenol 

16 CO 

20 

-10 

30 

S 

80gB 

2-chlorD-4-hydnixybeni- 
aldehyde (50%) 

1 

30 K m-Broiuopheiiol 

30 cc 

35 

40 

4 

100 gB 

2-broin 0 - 4-hydroiybeni- 
■Iddiyde (10%) 

1 

30 g o-ChloroHnieole 

80g 

30 

80 

3 

B 

8 -ohlnro-4 -metbozybena- 
aldehyde 

1 

7 V ’n-Chlorooniaole 

10 cc 

11 

26 

2 

30 g B 

2-rhlnrn-4-methozybenB- 

nldehyde 

1 

15 g x-Chlororenoreinul 

10 ec 

18 

0 

45 


60 cc B 

X -chloro-2,4-hydrozy- 
beDuldehyde 

1 

1j g m-Cliloro- 
pliDDBtole 

16 CO 

26 

room 

2 

40 gB 

2- rhl[)ro-4-ethozybeiiz- 
aldehyde (80%) 

1 

hi K m-Broniu- 
Phenetole 

10 CO 

16 

-8 

80 

4 

40 gB 

2 - bromo- 4- ethozybens- 
aldehyde 

1 

19 R (H^Bromoethyl) 

Phenyl ether 

16 cc 

10 

0 

46 

2 

50gB 

4- (^-bronioeth Dzy )beni- 
aldehyde (60%) 

1 

(fl-BromoethyDn- 

''n-iyl Pther 

^^'/crencei 

18 cc 

10 

0 

46 

2 

60 cc n 

4- (/9 -bromoethoxy ) -8 - 
iiiethylbenxaldehyde 

(50%) 

1 


1 . 

2 . 

3 

4 
6 . 
e. 
7. 
l 
B 

in. 

II. 


12. r. 


L. QAttennum, ilim., »7, 818-883 (1807). 
t »(l W. Ber., 31. 17M-17BB (1898). 

U ^Umnuu and T. von HorlMhor, Her., 33. 284-888 (1890). 

L •«! ®- Kdbnw, Her., 32, 2^9-288 (1809)- 

W “<* 0- 31, 1149-1182 (1898). 

W. H. taUQ and C. Welmtiui, /. Chem. Soc., I9, 1849-1668 (1906). 
and X. Burr, Her., 40y 2862-2888 (1907). 

^ * Co-: C*. 189» I. *w. 

{**”jaau P. 190,601 toBm * So!? ^ 'Z,. 1900 I, 742. 


g*”jaau P. 190,600 toBm ft Co. ; C. *2,, 1900 I, 742. 

J W^SSSf®? fTBSm, Her., 23, 209-291 (1899). 
J. w* iteiith, /. iifi r i.-7o noiov 
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14. 

15. 

16. 
17. 
16. 
ID. 


Tabic 3l-’(Cfmcluded) 

Gmniaii F. 650,430 (1037) to K. 11. Blotta anri K. 11. Hniinnlm (to Chom. Fabrik von HcivUdii). 
C. it., 32, m 

T. B. JnhiiKoiL RiMl F. W. Lnne. /. itm. Cfm. Soc.. 43, 546-355 (1031). 

C. Liri>ennBns aJid S. Linclcnbniim, Bnr., 41, 1007-1010 (1008), 

F. Schnnf and A. LabouoliBre, Helv. CAm. Acta, 7, 357-308 (1024); C. A., 16, 1830. 

K. H. Blotta and H. H Holler. Brr., 63, 3020-3044 (1030) 

G. T. Moraan and D. C. Vinmg, /. Chem. Soc , 119, 177-137 (1031), 


rhioride was again passed in very slowly while the mixture was heated 
at 40-45° for three or four hours. Mechanical stirring was used through- 
out. At the end of the reaction, the imide hydrochlorides had separated 
out. Hydrolysis was effected with hydrochloric acid, and isolation of 
the aldehydes either by steam distillation or by salting out and extraction 
with ether. The following results were reported: 


Pbnol Ether 
85 g Aniaole 

W g p-Cresol methyl ether 
26 g ReBordmoi dimethyl ether 
30 g Diphenyl ether 
30 g o-CreB« 

20 g Thymol 

30 g 8-Naphthol methyl ether 


Zinc rVnnide 

AlOa 

Bpjiseiie 

% Yirfd ul 

(k) 

(6) 

(r) 

Aldp|i\rlp 

52 

45 

65 

100 

52 

45 

75 

so 

40 

38 

100 

80 

52 

45 

70 

50 

52 

45 

00 

38 

37 

30 

60 

100 

52 

45 

150 

100 


Gattermann was not able to react benzene with hydrogen rynnide 
and hydrogen chloride in the presenre of aluminum chloride, but a 
patent appearing just before Gattermann’s publication cited the prepa- 
ration of aldehydes from aromatic hydrocarbons by this method. In 
1031, Hinkel and Dunn’’* noted that a complex, A1CI8.2HCN is formed 
when hydrogen cyanide is added to a mixture of benzene and aluminum 
chloride. A few years later, Hinkel and his co-workcrs ** found that at 
its boiling point, benzene reacts with hydrogen cyanide, hydrogen chlo- 
ride, and aluminum chloride to give bcnzaldehyde in a 14 per rent of 
theoretical yield, calculated on the hydrogen cyanide. Yields of 85-100 
per cent of aldehyde were secured from toluene, the three xylenes, and 
raesitylene. Highest yields were obtained at 100“ and with aluminum 
chloride in excess of what is needed to form the compound AlCl* . 

Subsequent investigation *® showed (hat reaction may be facilitated 
by the use of the proper solvent; chlorobenzene, dichlorobenzenc, and 
tetrachloroethane were found to be suitable, although chlorobenzene 
formed 8 per cent p-chlorobenzaldehyde, and tetrachlor ethane promotrt 
polymerization and condensation in some cases, notably with 
The technique consisted in adding the hydrocarbon to the AlCU ■ 2H - 
in a solvent, and then passing hydrogen chloride through the mixtun 
Using this technique, aldehyde derivatives of the following hydrorarhens 
were prepared in the indicated yields: 


•t. OattamMOD iiut a Fthm.!, Btr., 11, lUl-llH (18M). 

•• OmMB V. n.sjS tg BayCT A Co. 

ML. E. Hlnkd •nd &. T. Dimn, i. Chan. See.. 18 H-im rlMW). 


■• 1 . B. anW, K. E. AyUim, ind W. B. Momi, /. ffcon- ioea 
I7,1» run) to L. B. BloM (to IuimtU ChamiMrUdutriai), Brit, we 

■L. E. BiDkle, E. E. Ajding. kmI t. H. Bcymm, J. Chmn. Sot., W-M (l«H). 
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Meflifylene 

Biphenyl 

Naphthalene 

1-Methylnaphthaleiic 

Iy6-Dimethylnaphthaleue 

Tetralin 

Hydrindene 

Anthracene 

Phonanthrenc 

Acenaphthene 

Fluorene 


75% 

60% 

61% 

58% 

4% to resin 
45% 

60% 

44% 

70% 


At about the same time, Robinson and Thompson reported that, in 
an attempt to prepare l~methyl-4-naphthaldehyde from a-methylnaph- 
thalcne by condensing it with liydrogen cyanide and hydrogen chloride 
in the presence of aluminum chloride, a poor yield of the aldehyde, which 
was isolated as the semicarbazoue (m.p. 237°) was secured. These inves- 
tigators do not give the temperature at wliich reaction was conducted. 

When ethereal solutions of biuiolccular hydrogen cyanide are satu- 
rated with hydrogen chloride, chloromethyleneformamidine, 2HCN.HC1, 
is precipitated as a white solid. The chloro- compound reacts with ben- 
zene in the presence of aluminum chloride to yield benzaldehyde.^* 

In tetrachloroethane solution, the following results were secured**: 


HydrucfLrbuu 

(HCN):,Ha 

(mrilB.) 

AlCla 

(juolb.) 

Time 

min. 

■Reaction ^ 

Tmip. 

rc) 

% Yield of 
Aldehyde 

Benzene 

25 

4.0 

65 

5 

75 

Naphtllalene 

2.0 

05 

70 

4 

66 

Anthracene 

2.0 

2.0 

50 

3 

50 

Hydrindene 

2.0 

05 

50 

4 

60 

Acenaphthene 

1.0 

2.0 

50 

1.5 

90 

Fluorene 

1.25 

1.25 

50 

4 

70 


biphenyl gave a mono-aldehyde in chlorobenzene or o-dichlorobenzenc 
solution, but in tetrachloroethane solution, only small yields of the 
P,p’"dialdehyde were secured. 

Since the Gattermann aldehyde synthesis with aromatic hydrocarbons 
IS possible only at temperatures above 40°, at which temperature the 
complex AJCla.2HCN is decomposed, and since chloromethylcneformami- 
dine reacts with aromatic hydrocarbons in the presence of aluminum 
chloride to give good yields of aldehydes, it is probable that the Gatter- 
iiiMn aldehyde synthesis with aromatic hydrocarbons proceeds through 
primary formation of AICI 3 . 2 HCN, and intermediate formation of chloro- 
^cthyleneformamidine from hydrogen chloride and the hydrogen cyanide 
w 01 mod by decomposition of the complex. 

An attempt to extend the Gattermann reaction to olefinic compounds 
‘’ing hydrogen chloride and hydrogen cyanide in the presence of alu- 
hinum chloride was relatively unsuccessful due to the powerful polymer- 
ing action of aluminum chloride on such compounds.** Thus asytn- 
•P icnylethylene was 30 per cent polymerized to 1,1,3,3-tetraphenylcyclo- 


•H. ^wSuISi' TlwmiiMO, J. Chem. Sue., (IIB). 

yytund Hd B. Dstnr. Mr., «. 4N-411 (UM). 
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butane and some a,gi-diphenylpropionitrile vas also formed. Styrene 
polymerized rapidly to polystyrene. 

Wieland and Dorrer studied this synthesis with enols and observed 
that acetoacetic ester reacted with hydrogen cyanide and hydrogen chlo- 
ride in the presence of aluminum chloride, much the same as do phenols. 
Only the enol form reacted in spite of the presence of 90 per cent in the 
keto- form. The reaction yielded the hydrochloride of B-forminiino- 
acetoacetic ester. 


ci 


CHf . C : CU . CUUR + C : Nil ' 

I I 

OH H 


CHi . C . CM . coon ■ 

/ \ \ 

OH Cl HC : Nil 


CU. . C . CH . COOK 

II \ 

o lie : Nil III I 


Acetylacetonc reacts analogously, yielding forminoacetylacctone, whirli 
is readily hydrolyzed: 


CHiCO . CH . COCH. 

ni:: : nh 


CH.CO . CH . COC'H. H NH . 

nJ>0 


It should be noted that imines formed in these syntheses show both iicid 
and basic properties, forming enol salts with bases and crystalline IiyiIid- 
chloride salts. 

The synthesis of aldehydes of the furan scries procei'ds regularly liy 
the Gattennann method. The following table shows some of tlie dei'i\- 
atives of this series which have been prepared. 


RemetRAt Product Rcfci fni i* 

Furan furfural 1 

a-Methylfuran 5-inethylfurfural 1 

^-Methylfuran S-methylfurfural 2 

o-Etbylfuran S-etl^lfurfural f 

2,4-Diinethylfurun 3,5-diiiLethylfurfural 2 

l^furylethane d]fu]y]etliane-5^'-dialdehyde f 

Dibenaofuran dibenBofuran-3-«ldehyde 3 


Rejtrencew 


1 . 

1 

S. 


T, Beiobitaiii, HMv. Chim. Acta, U. M 5 -U 9 (inO). 

T. lUbhitalii, H. Ziohokka, and A. Qem, Rciv. Chhn, Acta^ 
Ih E. Hinkil. E. B. AyUngi and J. H. BciyBim, /. Chem, Boe. 


!SJIES.W’ 


Reiehstein " has compared the susceptibility of the three 8iniph'|' 
five-membered heterocyclic compounds to the Gsttermann reaction. Wf 
found that in the absence of a catalyst pyrrole would react almost regon ' 
lese of other constituents of the ring; furan was somewhat less reactive 
but would react except when both a>poBitions were occupied or ^ 
carboxylate or a phenylene group replaced an H in tlie ring. Thiophu' 
would not react unless aluminum chloride were present. ^ 

A reaction which is related to the Gattermann aldehyde 
involves the use of formamide with aluminum chloride on oxygena i 


*H. WMMd Bid E. Domr, S«r.. ■. UR-SW (IM). 
^ T. Mehflteiii, Hdv, CMm, Acta, Ui Mi-IM (IIIO). 
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cyclic compounds for the introduction of the aldehyde group.*^ Tlius 
^-naphthol treated with a large excess of formamide mixed with alumi- 
num chloride and heated to 130-140° produces 2-naphthol-l-aldehyde. 

The Gattermann aldehyde synthesis has been recently applied by 
Shah and his co-workers to resorcinol esterSi acids, and ketones. Substi- 
tution occurs at the 2-pOBition, which is highly activated by the chelation 
between the hydroxy and the carbonyl groups: 


OH OH OH OH 



no . ('=0 n . r 0 no . r-o r . c o 


The condeiiafttiun waa rfifected by passing hydrogen chloride into a 
Lsolution of one mole of the resorcinol derivative, 2 moles of zinc cyanide, 
and 2 moles of aluminum chloride in dry ether. Aldehydes were prepared 
from methyl /8-resorrylate/^ methyl 2,4-dihydroxy-5-ethylbenzoate,*® res- 
acetophenone, respropiophenone, resbutyrophenone/^ )9-resorcinolic acid/® 
2,4-dihydroxy-4-ethylacetophenone, G-methylresacetophenone, 2-acetyl- 
resorcinol, phloroacetophenone, and 2-hydroxy-6-methoxyacetophenone.*® 


Gemiiin P. SU.BM (1028) to I G : C. A., 2$, 2012 *. Rrit. P. 811.208 (1828) to A. Carpmaal (to 
I. G.), Bnt. C/wTii. Aba.-B, 747 (1029). 

C, Shah »nd M. C Laiwalla, Curr^t Set , 5, 187-188 (1830); J. Ckrm Sac. 1828-1882 (1988). 

«»H. A. Shah and R. C Sbali. J Chrm, Soc., 300-302 (1930). 

A. Shah uid R. C. Rlmh, /. Chtm Soc . 132-134 (1039); ibid; 245-247 (1940). 

«K. NakaMWa, /. Pharm. Soc. Jopnn, 99, 109-176 (1030): C. A., 33, 4078 

»K. Nakuawa, /. Pharm Sor Japan, 59, 624-30 (in Geiman, 100-202) (1930). C. I , 34, 1017. 



Chapter 11 

Aromatic Halogenation 

The halogenation of a wide variety of aromatic compounds j)rocmlb 
readily in the presence of aluminum chloride. This chapter describes the 
application of these processes. 

Anhydrous aluminum chloride, like ferric chloride, catalyzes nuclear 
halogenation of aromatic compounds. The reaction, which may be 
effected in the presence of as little as 0.01 mole of aluminum chloride, 
proceeds according to the equation 

Airii ^ \yCl 

+ Cl, il!i> I J + iici 

The extent of halogenation is, of course, regulated by tlie amount of 
halogenating agent used and by reaction conditions. Alkylated benzenes, 
phenols, phenol ethers, and polynuclear hydrocarbons undergo similar 
reaction. 

For aromatic chlorinations effected with sulfuryl chloride or with 
sulfur monochloridc, aluminum chloride is an especially effective catalyst. 
Witii alkylbenzenes, side-chain substitution is entirely inhibited. Thionyl 
chloride ordinarily cannot be used as the chlorinating agent, yielding, in 
most instances, normal Friedel-Crafts reaction products. However, it 
has been used for chlorination of certain dicarboxylic acids and for the 
conversion of alkyl ethers into alkyl halides. 

Carbon tetrachloride or benzotrichloride are other halogenating agents 
which have been used in the presence of aluminum chloride. Broininatiun 
may be conveniently effected by transfer of bromine from one nuclciu^ 
to another. 

The use of aluminum chloride as a catalyst in the halogenation of 
aliphatic compounds is discussed in the chapter on aliphatic reactions- 

Reactiona with Halogens 

The chlorination of benzene proceeds readily with the formation of 
practically all the possible products depending upon the amojmt of chlo- 
rine add^' One mole of chlorine with benzene gives mainly chloro- 
benzene with a small amount of the three dichlorobenzcnes and sonic 
unchanged hydrocarbon. Monochlorobenzene forms all three dichlor^' 
benzenes witli the para- isomer predominating, whereas ferric .chloii 

*See Chapter 17. . mi w. 

' A. UooDvnt anil CS. Pouni, Cmn^l. mi., 137, IMI-lOir (IM); /• CAn*. Sk. ASi-i 
A. lammU, Mi. we. nAim., », SII-IN (lUl), C. A., 1^ Nil. 
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favors ortho^ chlorination. With bromination the reverse is true. Fur- 
ther chlorination will yield three trichlorobenzenes, tetrachloro-, penta- 
chloro-, and hexachlorobcnzeiie. Results arc not always consistent 
because of the aluminum chloride splitting off chlorine to regenerate the 
hydrocarbon. Iodine as a catalyst favors ortho- and para-dichloro- 
benzene.^ Chlorination and bromination of bromobenzene also favor the 
formation of the para- isomer although bromination gives much mefa- 
derivative. Bromination of benzene proceeds in an analogous manner, 
with the formation of mono-, di-, and tribromobenzenes.^ 

In an industrial process for the manufacture of chlorobenzene, to be 
used in the synthesis of phenol, chlorination of benzene is effected by 
using a catalyst composed of activated aluminum chloride in combination 
with copper salts.** 

A Raman spectra study of the bromination of benzene or chloro- 
benzene in the presence of aluminum chloride shows the formation of the 
throe dibromobenzenes, although the use of beryllium bromide as a cata- 
lyst gave only ortho- and para- derivatives.® 

The chlorination of ?n-dichlorobenzcnp gives mainly 1,2,4-trichloro- 
benzene.® 

A method of separating ethylbenzene from the xylenes is offered by 
tlic action of bromine with 1 per cent iodine on these compounds in the 
presence of aluminum chloride.’^ The xylenes are completely converted 
to the tetrabromo- derivatives, and ethylbenzene forms a dibromoethyl- 
benzene. Bromination of naphthalene in the presence of aluminum chlo- 
ride always produces the alpha derivative.® Naphthalene may be rapidly 
and exhaustively chlorinated to octachloronaphthalcne by treatment 
with chlorine in the presence of an active halogen carrier such as alumi- 
num chloride. In the absence of the halogen carrier the rate is much 
slower.® 

Seven to ten atoms of chlorine have been introduced into perylene by 
I'hlorinating in nitrobenzene using aluminum chloride as a catalyst. A 
temperature of 100-140'=' was used.^® Hepta- to dodecachloroperylene 
may be prepared from a chloroperylcne containing less than seven chlo- 
rine atoms.^^ 

Under certain conditions aluminum chloride is able to chlorinate pery- 
Icne by itself, although not below 150°C. When nitrobenzene is present 
as an oxidizing agent, aluminum chloride converts perylene to 4,10-di- 


102 


-aso (1011); /. Chem. Sue. i4hR., 
, 54, 25B (1B88). 


^ OwS)*** Linrtwi, /lec. froi;. chim., 30, 305- 

aio-ie (1887); / c/irm. Sor. 

W. Matto*. Angew. Chem,, 52, 501 (1080). 

rmd„ 207, 840-.S45 (1088); C. A., 32, 8370. 

Cohl* Chim., 30, 411-413 (1020); /. Chem. Soc. Aba., 118 (I), 478 (1020). J. B. 

’ C ■'- C’fcwn. aoc., 07 1360-1307 (1905). . , ^ ^ 

Fnadd uirt J. M. Gnfti, Campt. rend., lOl, 1218-1223 (1885) ; /. Chem. Soe, Aba,, SO, 129 

V. Gordon. /. Oen, Chem. (U. S. 8. RJ, 4, 629-551 (1034); C, A., 29, 1804. 


i ™ uoKion, /. Ren, cnem. (u. a. a. it.j, 
an to Bmw! Brit. Chem. 

U, 31,' bm' P. M1.«M (IM8) to A. Zinl 


Zinke and K. Funke (to F. 
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chloTopcrylrno, and with the addition of inanganene dioxide 3,4|9,Ui 
tetracUoroperylene is formed.'^ 

Phenol or ehlorophenolH may be converted to pentaohlorophenol h\ 
using 0.01 to 0.04 mole of aluminum chloride per mole of phenol as a 
catalyst.” 

In another method, teira- or pentahalogenated phenols are prepared 
by reaction of phenol or lower halogenated phenols with chlorine in tlio 
presence of halogen carriers at below 50°. Inert solvents, like carbon 
tetrachloride or ethylene chloride, are specified.^* 

Halogen derivatives of phenol have also been prepared by piogics- 
sively adding to the phenol, in presence of a catalyst like aluminum chlo- 
ride, an amount of halogen slightly in excess of that required, while 
agitating and separating the halogen derivative formed. Chloroform mav 
be used as solvent, and the product may be extracted by a solvent. Tin 
process has been applied to preparation of di- or tribromo derivatives ol 
xylenols, cumenol, and guiacol.^'^ 

Diphenyl oxide may be halogenated in the presence of aluminum 
chloride to yield products containing from 5 to 10 halogen atoms wliicli 
are useful as heat transfer media or insulating materials.^’ 

A study of the eatalytie chlorination of nitrobenzene indicated tluil 
the rate of reaction is proportional to the ratalyst concentration, but fiii 
a pven quantity of catalyst the chlorination follows the course of a uni- 
molecular reaction The rate with aluminum chloride as catalyst i'' 
thirty*one times that of stannic chloride. Ferric chloride is even nioic 
effective.*^ 

All the chloro-derivativcs of phenyl carbonate may be prepared by 
the chlorination of phenyl carbonate in the presence of a catalyst such 
as aluminum chloride, iodine, antimony pcntachloride, or ferric chloride ' 
Dyestuffs may be prepared by halogenation in the presenee oi a 
sodium or potassium chloride-aluminum chloride melt as catalyst. Thus, 
halogenated dibenzpyrenequinones are formed by chlorination or brouii- 
nation of the product obtained by rondensing benzoylbenzantliront m 
dibensoylnaphthalene derivatives without isolating the primary product 
n-Anthraquinonylisatins may be similarly converted into halogenated 
anthraquinone acridones.” Phthalocyanine dyes as green pigments air 
formed by adding at least eight halogen atoms to a phthalocyanine nit i 
aluminum chloride as a halogen carrier.^* 

An instance of preferential aliphatic halogenation is the production 


>*A. SiBln, K. ri 
>»u. a p. 
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of *#-bromoaoetopheiione in 64-66 per cent yield by treating acetophe- 
none in diethyl ether eolution with bromine in the presence of aluminum 
chloride ae catalyst. 

Halogenation with Compounds of Halogen 

Instead of chlorine, chlorine compounds of sulfur are useful as haloge- 
nating agents. The chlorinating action of sulfuryl chloride has been 
explained by RufiF,-® who observed that aluminum chloride and sulfuryl 
chloride undergo a reversible reaction at temperatures up to 120° 

AlCla + SO^h AlCla . SO. + Cl> 

which will liberate free chlorine for subsequent chlorinations of organic 
compounds. 

In an extended study by ftilberrad of the use of sulfuryl chloride as a 
chlorinating agent for aromatic hydrocarbons, it w^as found that alumi- 
num chloride is an extremely efficient catalyst. The efficiency of various 
catalysts for chlorinating benzene is shown in the following summary: 


Iodine 

Thionyl chloride 
Sulfur 

Sulfur mono chloride 
Ferric chloride 
Aluminum chloride 
Aluminum chloride with thionyl 
chloride 

Aluminum chloride with sulfur 
Aluminum chloride with sulfur 
mono chloride 


16 ^% 

2i% 

37 % 

37 % 

63 % 


83^0 (di chlorobenzene also formed) 
89% (dichlorobenzenc also formed) 

87% (dichlorobenzcne also formed) 


The formation of polychloro-derivalivcs of benzene, di-, tetra-, and hexa- 
chlorobenzencs, is brought about by a mixture of sulfuryl chloride, sulfur 
mnnochloride, and aluminum chloride.-'^ The mixture produces the asso- 
<'iated compound, AI^Si'CIh, which is reported to have remarkable cata- 
lytic property for the higher degree of chlorination of benzene with 
sulfuryl chloride. 

I he chlorination of toluene may occur in the ring or in the side chain. 
I'hoHphorus pentachloride, manganese chloride, and arsenic chloride as 
catalysts inhibit substitution in the ring, the manganese and arsenic chlo- 
ride catalysts being entirely inhibiting. Of the other catalysts studied, 
aluminum chloride accelerated chlorination in the ring, entirely inhibiting 
i^hlorination in the side chain. For polychlorination of toluene Silberrad 
same mixed catalyst, aluminum chloride with sulfur mono- 
chloride, as was used to polychlorinate benzene. The production of 
almost theoretical yields of mono-, tli-, and triclilorotolucnc, entirely ring- 
substituted, may be obtained by the addilinn of definite proportions of 


“•R. 

“• 0 . 

“• 0 . 

SO- 

•• 0 . 


znd L, U. UaviUwHi, Ori/anie Synthfa*it, 19, 24 2fl (1930); C. A., 33, 
S Sy> 30, 12M (lOqO); C. 1997 1 . 148 

/. Cim. Swj.. 119, 1039-2030 (19211; C\ A., 16, 015. 

/. CJifli, Spc., UL 1018-1022 (1938). . 

li i. Chmn. Am., 127, 9077-2094 (1938); Brit. Chetn. Xbi.-A, 168 (1026). 
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sulfuryl chloride and toluene. Patents covering the use of those catalystb 
for the control of the chlorination of aromatic hydrocarbons by sulfuryl 
chloride have been issued.^^ 

Alkyl ethers may be converted to alkyl halides by reaction vritli 
thionyl chloride using aluminum chloride as a catalyst. With n-propyl 
and n^butyl ethers the aluminum chloride also caused isomerization to 
iso-, secondary, and tertiary halides.^^ 

Thionyl chloride reacts with aromatic hydrocarbons in the presence 
of aluminum chloride to yield sulfoxides. Hence, it is not as generally 
useful a chlorinating agent as is sulfuryl chloride.’^* 

The production of aromatic acid chlorides from aromatic carboxylic 
acids containing a negative substituent in the position para- to the car- 
boxylic group can be accomplished by using thionyl chloride as the 
halogenating agent in the presence of aluminum chloride as catalyst. 
Compounds prepared in this manner are: terephthaloyl dichloride, chloro- 
terephthaloyl dichloride, 1,4-naphthalcne dicarboxylic dichloride, and 
4,4'-biphenyl dicarboxylic dichloride.^" o-Dicarboxylic acid chloride.^ of 
the benzene series have also been prepared by treating the corresponding 
acid anhydrides with thionyl chloride at above the melting point of the 
anhydride, in the presence of a metal salt of acid reaction."^ 

In connection with the halogenation of aromatic compounds it ha^ 
been pointed out in the section on halogen migration (pp. 692-696) tliiit 
some brominated aromatic compounds act as brominating agents in the 
presence of aluminum chloride as catalyst. For example; 

(1) Bromobenzene was prepared from benzene by brominating with 
bromonaphthalene, tribromophenol, bromochlorophenol, tetrabromocresol, 
or tribromocresol. 

(2) Monobromotoluene was prepared from toluene by brominating 
with the same brominating agents. 

(3) Tribromophenol was prepared by brominating phenol with di- 
bromobenzene. 


FarafiSnic hydrocarbons having a polycliloro-substituted carbon atom 
yield their halogen when heated with acid anhydrides like phthalir anh} - 
dride and aluminum chloride at 250-280°. Phthaloyl chloride has been 
pr^ared in this manner from phthalic anhydride and carbon tetra- 
chloride."" 

o-Dicarboxylic acid chlorides of tlie benzene series have also been pre- 
pared by heating the corresponding acid anhydride in the liquid pha^i' 
with benzotrichloride, its homologs or its chlorine substitution produrlb 
in the presence of a catalyst of the Fricdel-Crafts t^e.*" Similarly, 


" Brik F. WJDO (IMt ) to A. Bodu aad O. Bdban^ (to A 

( 1026 ) 


Bmto (to Eob«rto'A'’c£!^^Al.f 


V. R. 8. B, ClassB act, moM ' 


(1028). Bnt. P. 860^ (1086) to 0. Bilberrad and A. 

A&I.-B, 1080 (1080). 

L. Oiddfiirb and L. M. Simorgoiuki}, DttU. arad. art, 

B4r. eham,. 668-Ml (1000) ; C. A., 31. 0018. 

•A. S^berir. Ppr., k 8876 (1088). 

vpimh P. Sid, 606 (in?) to 1, a. Farbenlnd; C, A., 32, 602 

ttBrft. P. 414A78 (1084) to MonMOto ClMmiea) Oo.; C. A., 20, 476. ^ _ 
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reaction of plithalic acid with bcnaoiritshloridc at 200° in the presence of 
nliiniinum chloride yields phthaloyl chloride."^ 

3^-Dicliloro-p-cresol troiitcd with bromine, carbon tetrachloride, and 
aluminum chloride produces 3,5-di(‘hloro-2,6-dibruino-p-crcsol and 3,5,- 
dichloro-2,6-dibromo-p-cresol carbonate. However from p-cresol, carbon 
tetrachloride and aluminum rhloride, l-methyl-l-trichloromethyl-4-keto- 
dihydrobenzenc is obtained.'*’ 


HsC rcij 



o 


»U. s. P. 1,MT,74I (1(34) to L. P. Kvridn (to MoninDto rnimiirnl Co.); C. A., 33, (OTi; Brit. 
P. 414,570 (1030) to MonHAnto Chemioal Co.; CVtm. i4ba.-B, B75 (1034). 

««U. 9. P. 1,M7.74B (1934) to L. F. Kyriflnn (to Nfonnanto Cliemirul Co.): C. A., 28. 8080. 
i»T. Zinoke and R. 6. Sulil, Ber.. 39. 4148-4153 (1000); C. A.» 1. 509. 



Chapter 12 


Dehydrating Reactions 

The first part of this chapter deals with the use of alcohols for tlin 
alkylation of aromatic compounds in the presence of aluminum chloride 
The mechanism of such reactions necessarily involves a study of the 
reaction of alcohols alone with aluminum chloride There is some evi- 
dence that the first step in these alkylating reactions is the formation 
of the chloride from the alcohol and that this derivative acts as the 
alkylating agent; however, the fact that alkylation of benzene with 
n-propyl alcohol yields n-propylbenzene contradicts such a mechanism 
Aliphatic, aralkyl, and cycloalkyl alcohols and their chlorinated or oxy- 
genated derivatives have been studied as alkylating agents. 

The replacement of oxygon from carbonyl groups is also reviewed in 
this chapter. This includes such reactions as ketones with amines in 
which the oxygen in the — C=0 grouj) and hydrogen of the amino grouji 
are removed as water. The carlioxyhc group of acids may be similailv 
affected. Thus salicylic acid and aniline forms salicylanilidc. 
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Autocondensation of ketones and the intramolecular ring closure of 
carboxylic acids also occurs, with loss of water in the presence of alu- 
minum chloride. This includes such reactions as the conversions of aceto- 
phenone to 1,3,5-triphenylbenzene and ring closure of aroylbenzoic acids 
Aliphatic aldehydes and aromatic compounds condense in the pres- 
ence of aluminum chloride with elimination of water. Reactions of for- 
maldehyde with aromatic hydrocarbons may give rise to a series of 
arylated paraffins, whereas under similar conditions aromatic halides may 
yield resins. Aromatic aldehydes with aromatic hydrocarbons yield poly- 
nuclear compounds. Chloromethyl derivatives of hydrocarbons may be 
prepared by reaction with formaldehyde and hydrogen chloride in the 
presence of a mixture of aluminum chloride and zinc chloride. 

A few miscellaneous reactions in which water is eliminated during 
reaction are included at the end of the chapter. 


Alxtiation with Alcohols, Aromatic Hydbocarbons 
OB Theib Halogen Derivatives 

The condensation of alcohols with aromatic hydrocarbons in the pres* 
ence of aluminum chloride results in alkylation of the hydrocarbon with 

flU 
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water-cIeaVBge. The reactivity of aliphatic alcohols increases in the 
order; primary, secondary, tertiary. Earlier workers reported that pri- 
mary alcohols could not be caused to react with benzene, that secondary 
alcohols showed little reactivity, and that tertiary alcohols only gave 
good results. Subsequent investigation of this reaction revealed that all 
three types of alcohols undergo the reaction, but that primary and secon- 
dary alcohols require tlie presence of excess of catalyst and longer heating. 

Previous to the publication of this work, much work had been done 
on comparison of various aliphatic and aralkyl alcohols as Friedel-Crafts 
alkylating agents. These investigations arc of inestimable value in 
revealing the influence of structure on chemical reactivity. 

The condensation of aliphatic alcohols with aromatic hydrocarbons 
in the presence of aluminum chloride has been shown to be favored by 
unsaturation of the a-carbon atom of the alcohol. In a series of studies 
on this reaction, Huston and his co-workers have found that the unsatu- 
ration may be due to an aromatic ring,^ to a simple double bond,^ or a 
strain in a polymethylene ring.'* Reactivity of certain aralkyl or cyclo- 
alkyl alcohols is greater than that of aliphatic alcohols. 


Aliphatic Alcohols: Primary 

Norris and his co-workers ^ have found that the course of the reaction 
of alcohols witli aromatic hydrocarbons is definitely regulated by the 
quantity of aluminum chloride cmphiycd.® It had been previously 
shown® that in the Friedel-Cvaft.s condensation of aliphatic anhydrides 
with aromatic eoin[)ouiuls good results me seeured only when sufficient 
catalyst is used to convert tlu^ anhydride into an acid halide-aluminum 
chloride complex. That (‘ondensalions with alcohols similarly proceed 
through formation of halides may be assumed from the fact that with 
primary alcohols alkylated i)roducts are secured only when the catalyst 
is present in excess. According to Norris and Sturgis * one mole of alco- 
hol reacts with one mole of aluminum chloride to give the corresponding 
alkyl halide. With ethyl alcohol the following reaction occurs: 


C AOH + AlCl. > C^HsOH . AlCh > 

HCl + CJIdO . AICl. ^ CJEhCl aiuJ AlOCl 

The addition product, C 2 HBOII.AICI 8 , was formed at room temperature. 
Upon heating, a nearly quantitative yield of ethyl chloride w^as secured. 
Methyl alcohol was found to react analogously, and isopropyl alcohol 
gave 70 per cent isopropyl chloride. The transformation of the alcohols 
to the corresponding alkyl halides by reaction wdth the catalyst obvi- 


S- Hinton uid T. E. Friadimann, /, Am. Chom. Soc., 3B, 2527-2533 (1016); 40, 7^-793 
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oualy indicates the need of more than one mole of aluminum chloride iu 
order that further reaction of the resulting alkyl halide with an aromatic 
compound may be effected. The fact that all^lation with alcohols doeb 
not proceed simply through formation of the complex RO.AICI3 was illus- 
trated with ethyl alcohol. The compound C2H50.AlCla was prepared by 
heating molecular quantities of ethyl alcohol and aluminum chloride until 
evolution of hydrogen chloride had ceased. Heating this complex with 
bcnsene at 90° for four hours gave no ethyl derivatives of bcnsene. 

Observations concerning the mechanism of the reaction had previ- 
ously been made by other investigators. According to Perrier and 
Pouget ^ and Mpetse ^ the action of aluminum chloride on a primary 
alcohol varies with the quantity of the salt which is present and the 
temperature used. If the alcohol is in excess, and reaction is effected in 
the cold, compounds of the type Al2Cle(R0H)ii arc formed. If the alu- 
minum chloride is in excess, and heating is employed, liberation of hydro- 
gen chloride ensues, with formation of addition compounds of the type 
Al2CU(OR)2. The following reaction also takes place: 

A1C1.(0R) + ROH ROR -f- AICI.(OH) 

The foregoing sequence of condensations has been assumed by Tzukci- 
vanik * to be accompanied also by dehydrohalogenation and hydrohalu- 
genation, if an excess of aluminum chloride and heating are employed 
This investigator advances the following scheme for the action of alu- 
minum chloride on amyl alcohol: 


CiHuOH + AICl. » AlCI, . 0 . CiHa -I- HCl 

AlCh.O.CJIa ► CJLo-t- A1C1,.0H 

CeRii "1- HCl ^ CUEIuCl 


Such a series of reactions as primary steps in the condcnsafinii uf 
alcohols with aromatic hydrocarbons in presence of aluminum chloride 
indicates the presence not only of an alkyl halide, but also of an olefin, 
hydrogen chloride, and aluminum chloride addition products, all of which 
are required for Friedel-Crafts alkylation with alkyl halides or olefinic 
hydrocarbons. 

Although various investigators have attempted without success the 
methylation of benzene with methanol in presence of aluminum chloride, 
Norris and Sturgis have effected the reaction by using a large excess uf 
aluminum chloride. They report that when benzene, methanol, and alu- 
minum chloride in a 4:1:1 molar ratio are heated at 80-90° for eight 
hours, and then at 100° for six hours, no methylbenzenes are formed, 
although hydrogen chloride is evolved. When the above-mentioned 
reactants are used in a 6:1:2 molar ratio, however, and the mixture is 


2S, Hl-SM (IMl), /. Chtm. Sac. Abt, *> <*)■ 
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heated for three houra at 90° and aix boure at 90-96°, a 21 per cent of 
theoretical yield of toluene is secured. 

Condensation of toluene with methanol, clfccted by heating a mixture 
c on iai fit,ing of 2 moles of aluminum chloride, 2.5 moles of toluene, and 
1 mole of methanol for 3i hours at 100° while a stream of dry air was 
passed through it, gives a 53 per cent yield of mesitylene.'* When 1 mole 
of m-xylene is reacted with 1 mole of methanol in presence of 3 moles of 
aluminum chloride, somewhat higher yields of mesitylene were secured.^^ 

Condensation of ethanol with benzene likewise depends upon the 
amount of catalyst used.* With ethyl alcohol, benzene and aluminum 
chloride in a 1:6:2 molecular ratio, a 50 per cent of theoretical yield of 
ethylbenzene can be secured. Beaction was effected by allowing a mix- 
ture consisting of 0.5 mole of ethyl alcohol, 3 moles of benzene, and 
1 mole of aluminum chloride to stand over night, and then heating at 
100° for 12 hours. 

The accelerating effect of excess of catalyst and higher temperatures 
had been previously pointed out by Tsukervanik and Vikhrova.'® These 
investigators reported the following reactions: 


ITvdrocarbon 

120 g benzene 

Alcohol 

16 g ethyl 

AlCU 

(b) 

87 

Roaotion 
temp. (“O 
120-130 

Hours nf 
heatuiE 

10 

Product 

48.5% ethylbenzene and 
35% of polyalkylben- 
zene 

120 g benzene 

30 g propyl 

87 

no 

10 

51.5% propvlbenzene 
and 36.5% in-dipropyl- 
benzene 

1 g toluene 

23 g ethyl 

99 

140 

B 

74% m-ethyltoluene 
and 20% diethyl- 
toluene 

80 g toluene 

30 g propyl 

90 

125 

4 

83% of Trt- and p-propyl- 
toluene and 9^% of 


dipropyltoluene 

Tn thn foregoing condensations 1.3 to 2 moles of aluminum chloride were 
Used for 1 mole of alcohol. The reaction of ethyl alcohol with benzene 
also yielded some diethylbiphenyl and diethyltriphenyl. Contrary to the 
results of Norris and Sturgis * condensation could not be effected with 
niethyl alcohol and benzene; with toluene, alkyl derivatives of various 
degrees of alkylation were secured. 

Huston and Hsieh have found that primary alcohols up to and 
including n-hexyl alcohol do not react with benzene when one equivalent 
nf the alcohol is gradually added to a suspension of 0.5 equivalent of 
Q-luminum chloride in 2 to 5 equivalents of benzene at low temperatiw. 

Ipatieff and his co-workers have pointed out that since alkylation 
of benzene with fi-propyl alcohol in the presence of aluminum chloride 
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rpsulis in product inn of n-propyllK'iiscur in 26 per cent yield, tlic rcAction 
cannot proceed tlirnuRh intermediate fonnation of an alkyl halide, for in 
that cane the iirodurt would ho iKopropylhcneenc. 

Olefinic Primary Aliphatic Alcohols.— That a simple double bond hab 
an activating effect on Friedel-Crafts alkylation with alcohols is indi- 
cated in the condensation of ally! alcohol with benzene, effected by treat- 
ing a mixture of 1 mole of the alcohol and 5 moles of benzene with 0 5 
mole of aluminum chloride at room temperature. Allylbenzenc was 
obtained in only 16 per cent yield, probably because of a side reaction 
involving the aluminum chloride-catalyzed addition of hydrogen chloride 
to the double bond of the alcohol.** 

The condensation of an aliphatic unsaturated alcohol, such as ulejl 
alcohol, with benzene in the presence of aluminum chloride and subse- 
quent sulfonation of the product results in production of a washing 
agent.*® 

Halogenated Primary Alcohols. — The condensation of /3-chlorocth\ I 
alcohol with benzene and aluminum chloride at 100° but not at 50-60' 
gives bibenzyl in 38.9 per cent yield **; 


ClCIIi.CHiOH + 2CtHi C.1I.C1I, ('llX’.Ui + HCl 4 H.O 

Except for resinous products that were formed under certain condilionb, 
bibenzyl was the only compound secured. No j9-phenylethyl acliohol, 
C,HbCH3.CH20H, was obtained; it was showTi, however, that the reac- 
tion proceeded through intermediate formation of the aralkyl alcohol, 
for condensation of ;9-phenylcthyl alcohol, benzene, and aluminum rhlo- 
ride in molecular equivalents at 100° gives 60.4 per cent of bibenzyl ami 
a resinous substance. 


Aliphatic Alcohols: Secondary 

According to Huston and Hsieh the reaction of 1 mole of isupiop\l 
alcohol with 0.5 mule of aluminum chloride and 2 to 5 moles of honzeni' 
at below 30° gives isopropylbenzene in approximately 25 per cent yield 
Norris and Sturgis * effected the reaction by using more than a molecular 
equivalent of aluminum chloride and heating the reaction mixture al 
90-95“ for six hours and then at 100° for six hours. They secured nn 
appreciable quantity of ethylbenzene, together with isopropylbenzene 
and diisopropylbenzene. Tzukervanik and Tokareva ** reacted 30 g oj 
isopropyl alcohol, 150 cc of benzene, and 43 g of aluminum chloride, a^d 
secured 35 g of a fraction (b.p. 147-200°) consisting of isopropylbcrzcnp 
and diisnpropylbenzcnes. When 100 cc of toluene was used instead <> 
benzene, p-cymene was secured in 35-g yield. 


» B. a Biwtoa ud D. D. Bwr, /. Am. Chtm. Sac , 41, 1M5-1MS (IMt)-.. 
Bwia P. 160,401 (lOM) to 600 . pour llnd. ohun. b BUe, C. A., 28, 5^; U. 
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The condensation of sec-butyl alcohol with benzene and aluminum 
chloride gives a 70 per cent yield of ferf-butylbenzene when 20 g of the 
alcohol, 100 cc of benzene, and 30 g of aluminum chloride are reacted.^*^ 
It has been pointed out recently that although aluminum chloride cata- 
lyzes the condensation of sec-butyl alcohol with benzene to give a 69 per 
cent yield of feri-butylbenzene, the use of ferric chloride as the catalyst 
gives no reaction.^^ The use of 0.5 mole of aluminum chloride with 
1 mole of the alcohol results in only a 25-28 per cent yield.^^ 

When 20 g of sec-butyl alcohol are reacted with 100 cc of toluene in 
presence of 25 g of aluminum chloride, p-sec-buLyltoluene, CH3.C0H4.CH- 
(CH;i) (C2H6), is secured.^*^ 

Condensation of methyl-n-propyl carbinol and methylisopropyl car- 
hinol with benzene in presence of an 0.5 molecular equivalent of alumi- 
num chloride (with respect to the carbinol) at below 30° gave methyl- 
/i-propylphenylmethane and methylisopropylphenylmcthane, respectively, 
m 25-28 per cent yield.^® 


Aliphatic Alcohols: Tertiary 


Norris and Sturgis ^ have found that if reaction of benzene with tcrt~ 
butyl alcohol is effected by adrling, during two hours, 0.6 mole of alu- 
minum chloride to a mixture consisting of 0.5 mole of the alcohol and 
3 moles of benzene kept at 0°, stirring the reaction mixture for two hours 
more at 0°, and then allowing it to come to room temperature and 
stand for 20 hours, an 84 per cunt of theoretical yield of fer^-butylben- 
zene is secured. The influence of teinperatiire on this reaction is decided. 
If the same proportion of reactants are heated for six hours at 80°, and 
then for two hours at 95°, no ferf-butylbeiizene is formed. Instead, the 
reaction product consists of toluene, etliylbenzene, and isopropylbenzene. 

The condensation of fert-butyl alcohol with m-xylenc proceeds 
smoothly when reaction is effected by droi)ping, with vigorous stirring, a 
mixture of 1.75. moles of rn-xylenc and 0.3 mole of the alcohol into 0.9 
mole of aluminum chloride held in a flask which is placed in a mixture 
of ice and salt. Upon stirring the mixture for live hours while still in 
the freezing bath, customary decomposition of the reaction product, and 
tractionation with a Fenske column, an 89 per cent yield of sym~tert~ 
hutylxylene (b.p. 205.5-206.5°) is secured. No butylated xylene was 
formed when 2 moles of catalyst were used with 1 mole of alcohol and 
the mixture was allowed to stand at room temperature for twelve hours. 
Tlic product oontains only toluene, isomeric xylenes, and tar.“® 

According to Potts and Dodson,^' one mole of ter^-butyl alcohol with 
5 moles of l^nzene in presence of one mole of aluminum chloride gives 
a 50 per cent yield of ieri-butylbeiizene. Better yields were obtained 
ferric chloride was used as catalyst, but ferric chloride does not 
condensation of priinuiy and seenmkiry alcohols with benzene. 
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Tsukenranik ” reports that benzene or toluene is easily alkylated with 
tert-butyl alcohol or with dimethylethyl carbinol in the presence of alu- 
minum chloride. He reports 60-70 per cent yields of corresponding alkyl 
derivativeB of benzene or toluene. 

Huston and his co-workers effected the eondensation of tert~ 
butyl-, tert-amyl-, the three tert-hexyl-, and the seven tert-heptyl alco- 
hols with benzene by adding drop by drop, while vigorously stirring, 0.26 
mole of the carbinol to a suspension of 0.5 mole of al uminum chloride in 
1.25 moles of benzene at 20-30°, and allowing the reaction mixture to 
stand over night. The following products were secured with the indicated 
alcohols: 


Gorbinol 

Produot 

Yidd % 

Trimethyl- 

2-nie thyl-2-phenylpropane 

65-70 

Dimethylethyl- 

2-niethyl-2-pheiiylbutanc 

60 

Dimethyl-n^propyl- 

2-mpthy]-2>pheiiy]pcntane 

55 

Dimethyliaopropyl- 

2,3-diinethyl-2-phenylbutane 

35 

Methyldiethyl- 

3-m e thyl-S-phenylpeatane 

40 

Dimethyl-n-butyl- 

2,4-dimethyl-2-pheiiylpeiitane 

30 

Dimethyl-ffcc-butyl- 

2p3-dimetbyl-2-phei]y]pentane 

20 


2-chl oro-2>Klimethylpentane 

10 

Dime thy 1- (ert-bu ty 1- 

2^,3-tninetbyi-2-phenylbutane 

7 

Methylctbyl-ivpropyl- 

2-e thy 1-2-pheiiylbu tane 
2-chlora'2-ethylpeiitane (2 g) 

40 

Methylisopropyl- 

2,3-dimpthyi-2-pheiiylpentaiie 

22 


3-chl oro-2 ^S-diiaethylpcntane 

14 

Trimethyl- 

3-ethyl-3-phenylpeiitane 

40 


3-ch]oro-3-ethylpentane 

2 


The foregoing data indicate that the accumulation of alkyl groups on 
the carbon adjacent to the carbinol in fert-hexyl and heptyl alcohols 
has a depressing effect on the condensing ability of the compound, and 
that there is a tendency for tert-alkyl chlorides to form. Considerable 
amounts of unsaturated products were also obtained in reactions with 
these carbinols. 


Aliphatic Alcohols with naphthalene 

Naphthalene has been found to be easily alkylated by primary, sec- 
ondary, and terf-alcohols, generally forming mixtures of equal parts of 
mono- and dialkylnaphthalenes.^ Here, as in analogous reactions with 
benzene, the amount of catalyst required varies with the nature of the 
alcohol. Whereas only 0.5 to 1 mole of aluminum chloride was found 
necessary with teri-alcohols, 1.5-2 moles were required with primary 
alcohols. The following condensations were effected from the indicated 
reactants in ligroin solution by digestion on a water-bath; 
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AlOli noun of 


Naphthalm Aloohol 

(«) 

hemting 

Frodant 

%Yidd 

60c 

80a(cn«)itCHOH 

45 

4 


38.0 




15.4 





CioHa [ CH ( CHa )ili 

10.7 

Me 

1B.5c(GW(C|Hb).CHOH 

37 

5 

C|oH«[CH(C^£)(GH.)]j 

27.4 

85.8 

»C 

lB.5c(CH|),COH 

10.6 

8 

CidHt . C(CHb)b 
C iA[C(CHs^]i 

21.0 



87 

24a 

20 c Cerr-Bjnyl 

17 

2 

CuA[C . (CA) . (CH.).]. 
^-CiA . C(CiHo)(CH.), 

20 

84 


Tlic condensation of oleyl alcohol with naphthalene in the presence 
of aluminum chloride has been claimed to give a product which may be 
ronverted to a synthetic detergent upon sulfonation.*® 

Aliphatic Alcohols with Chlorinated Aromatic Hydrocarbons 

Condensation of alcohols with halogenatcd hydrocarbons in the pres- 
ence of aluminum chloride proceeds analogously to that of unsubstituted 
aromatic hydrocarbons with formation of corresponding mono- and poly- 
alkyl derivatives.^® Reaction with primary alcohols proceeds most diffi- 
cultly, a large excess of catalyst being required. With secondary alcohols, 
condensation is less difficult; tertiary alcohols react very easily. Excess 
aluminum chloride and higher temperatures are conducive to formation 
of polyalkyl derivatives. The following reactions were effected by grad- 
ual addition of aluminum chloride to a mixture of an aryl chloride and 
an alcohol and refluxing on a boiling water-batli for two to three hours: 


Aryl Chlorida 

100 K Chiorobenzme 

Alcohol 

87 c ter( -butyl 

AlCla 

(b) 

30 

Product 

65% of iaomcric fprC-butylDhlorobenzenci 
and 11 B of pdiTHlkyl derivBtiVM 

100 g Dhlorobenime 

44 g fert-amyl 

25 

50% of p- add m-fcrf-amylohloroben- 
BMiea and 8 g of polyalkyl doivathm 

lOO B Chlorobenieiie 

00 g uopropyl 

120 

02% of oblorooummeB 

100 B ChlDrobanzoDe 

44 g vec-butyl 

50 

80% of iaomerio Mc-butylohlorobenKnoB 
and 8 g of polynlkyl darivativcB 

lOO B Cblnrobemaie ' 

80 ml ethyl 

180 

40% of p-BthylchlorobauMne and 10 g of 
polyalkyl derivativea 

150 B Chloroboixene 

74 g ioobutyl 

200 

80% of monoBlkyl- and 25 g of polyalkyl 
derivntivM 

lOO B Cblombaueiiv 

44 g iBoamyl 

80 

85% of monoalkyl and 15 g of potyalkyl- 
darivntivHa 

^ B o-ChlarotolimM 

10 g fcrf-butyl 

1.1 

45% of monoalkyl donvativeB 

120 B l-ChloronaphtliAlene 

44 g fcrf-Binyl 

30 

60% of mannalkyl and 15 g of polyalkyl 
dartvativaa 

^5 g l-ChlnroiiMphthBleDa 

80 g isopropyl 

00 

45% of iMmropyl-l-chloronBpbthBlaie 
■nd 12 g of polyalkyl derivatives 


Aralkyl Alcohoh 

In 1916 Huston and Fricdcmann reported that if benzene is mixed 
^ith benzyl alcohol and less than a molecular equivalent of aluminum 
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>^‘*dn>uni, /. Am. Chom. Son., 38, IW-IOS (UM): /. Chm. Bee. Abe. 



ANHYDROUS ALUMINUM CHLORIDE 

diloridc in addrd, a vigorous reaction occurs with formation of diphenyl- 
methaiir, p-dibenzylbenzene; o-dibrnzylbcnzcno, anthracene, and a liydro- 
carlK>n, CoTlIa*. By increasing (lie prnj>ortion of benzene used with 
respect to the benzyl alcohol, tlic yield of diphcnylmethane was increased, 
and that of anthracene reduced. Later these investigators found that 
an analogous reaction occurs with phenyhncthyl carbinol and benzene in 
the presence of aluminum chloride at 25-30°. a^ym-Diphenylethane was 
secured in approximately 20 per cent yield, together with ethylbenzene, 
diphenylmethane, and anthracene. Varying conditions by decreasing 
the amount of catalyst and increasing the proportion of benzene gave a 
65 per cent yield of diphenylcthanc. In the same way, phenylethyl car- 
binol gave 23-25 per cent of 1,1-diphcnylpropanc, 14 per cent of propyl- 
benzene, 7 per cent of diiihenylmcthane, and about 5 per cent of anthra- 
cene, When reaction wdth benzhydrol was effected at below 10°, a 65-70 
per cent yield of tripheiiylmeiliane was secured: 

(r.ii.).cHOH + r.iT. rr, H.).cn + n.o 

Practically no diphenylinethanc is formed, and the tarry residue is very 
small. Benzohydrol appears to condense more readily with benzene than 
does benzyl alcohol. 

Although the foregoing secondary alcohols were found to undergo 
reaction at low temperatures in presence of less than a molecular equiva- 
lent of aluminum chloride, Huston and Ilsicli could not effect a con- 
densation under like conditions when the primary aralkyl alcohols, 
phenylethyl and phcnylpropyl alcohols, were used. More recently, how- 
ever, it has been reported that ^-phenylethyl alcohol condenses with 
benzene at 100®, when 1 mole of the alcohol and 1 mole of aluminum 
chloride are used, with production of bibenzyl in 60.4 per cent yield: 

C.Ht . CH. . CHi . OH + C.H. . CU. . CH. . CiH. 

Even under these more extreme conditions, however, condensation of 
a-phenylpropyl alcohol with benzene does not occur. 

Cycloaliphatic Alcohols 

The effect of strain in cycloalkyl carbinols on their reactivity with 
benzene in the presence of aluminum chloride is apparent in condensa- 
tions effected with cyclohexyl-, cyclopcntyl-, and cyclobutyl carbinols 
Reaction was effected by treating a mixture of 1 mole of alcohol am 
4 to 5 moles of benzene with two-thirds of a mole of aluminum chlorult' 
at low temperatures, 25-36®, or at high temperatures, 76-80®. The results 
are summarized: 

■R. C. Hatton uid T. E. TrltiUniMn, /. Am. Chm. Bee, 4S, m-TH (inl); Ohefi. 
^^■'S. and O. Mudt, SetMct Report) Tokpo Bvnrikm Oaieaku, A3i ltT-164 (lUT) , t 

H? C. HuitoD ud K. Oondonoot, /. Am. Chtm. Sor., M, MSI-S4M (IIM). 
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ProdUQt: %YM, % Yield. 

-ph«i>lmethftnii low ti»ni|i Ligli temp 


Cyclohezyl- 0 7 



Since Btrain is reduced to a minimum in the cyclohexyl Rroup, it is the 
least reactive of the three carbinols investigated. 

Reaction of cyclohexanol with benzene, however, is more readily 
effected if a greater proportion of aluminum chloride is used. Treatment 
of 25 g of the alcohol in 97.5 g of benzene with 33.4 g of aluminum 
chloride has been shown to result in production of 18.5 g of phenyl- 
cyclohexane, 10 g of cyclohexcne, and 0.5 g of 1,2-diphenylcyclohexane. 

Condensation effected by using 40 g of cyclohexanol, 100 cc of ben- 
zene, and 35 g of aluminum chloride and heating on a water-bath for 
two hours, has been reported by Tsukervanik and Sidorowa to result 
in a 62 per cent yield of cyclohcxylbcnzene and a 35 per cent yield of 
a mixture of di- and tricyclohexylbenzencs. Toluene was found to be less 
reactive, more catalyst and a large excess of the hydrocarbon being 
required. From 70 g of the alcohol, SO g of the catalyst, and 200 cc of 
toluene, a 72 per cent yield of a fraction consisting of p- and wi-cyclo- 
hexyltoluenes was secured. According to these investigators, the con- 
densation probably proceedn through preliminary conversion of the alco- 
hol into cycloliexene and cyclohexyl cliloride, und subsequent reaction of 
the two products with the hydrocarbon: 

UHuOn C.H.. + A1C1.0II + HCl 

C.H., + HCl C,H..C1 

CiH, + C.ni, C.H,.CJIii 

c,H. + c.Hi.a *'^'V + hci 

Later, these investigators reported analogous reactions with substi- 
tuted cyclohexanols. The following results were secured: 


Hydrooarbon 

Alcohol 

Products 

% Yield 

Benzene 

1,2-inethyl- 

cyclohexanol 

(methyl cydohexyl) benzene 

425 

Toluene 

1,2-methyl- 

isomeric (methylcyclohexyl)- 

50 


cyclohexanol 

toluencs 

Benzene 

menthol 

mcnthylbenzenc 

54.5 

Toluene 

menthol 

p- and m-menthyltoluenes 

61 

Benzene 

bomeol 

bomylbenzene 

30 

Toluene 

bomeol 

p- and To-bomyltoluenes 

64 


*^^^***^**^“^^ Q* Sidorowa, /. Osn. Chem. (U 3. 3. RJ, 7, 641 .>645 (1667); C. A„ 

T^fcammUc ud N. O. 6idorowa, /. Owi. Chem. fU. S. 3. R.)t 1669-1008 (1666); C, 4., 
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It was found that in the preparation of menthylbenzenc, the chief 
products were 3-menthene and mcnthyl chlorido when insufficient alumi- 
num chloride was used. In all the foregoing reactions, small amounts of 
polyalkylated hydrocarbons were obtained, but these were nut identiCed 

It has been observed ^ that the reaction of menthol with benzene, 
using 25 g of the alcohol, 62.5 g of bensene, and 21.5 g of aluminum 
chloride yields 41 g of 3-phenylmenthane, 30 g of p-3-menthene, and 7 f* 
of high-boiling oxygenated compounds. 

The condensation of a terpenic alcohol with benzene in the presence 
of aluminum chloride, followed by sulfonation of the resulting alkylated 
benzene, has been claimed to yield a wetting agent or synthetic deter- 
gent,** 

Reaction of Alcohols with Phenols or Phenol Ethers 

Condensation of alcohols with phenol ethers in the presence of alu- 
minum chloride proceeds as the analogous reaction with aromatic hydro- 
carbons, with production of alkylated phenols or phenol ethers. 

Primary and Secondary Aliphatic Alcohols 

Huston and Hsieh ** report that they were unable to effect conden- 
sation of ethyl, propyl, or butyl alcohol with phenol in the presence of 
aluminum chloride, and that in an attempted condensation with iso- 
propyl alcohol, a compound was secured which did not correspond in 
propierties to any of the known propylphenols or phenyl propyl ethers 

According to Tsukervanik and Nazarova ** the condensation of pri- 
mary or secondary aliphatic alcohols with phenols or phenol ethers may 
be effected if an excess of catalyst and higher temperatures than those 
previously used are employed. Condensations with primary alcohols 
require 2 moles of catalyst to 1 mole each of phenol and alcohol. The 
following preparations are reported: 


Fhnol 
or ether 
Phnol 


IleactUMi Houra of 
temp. (‘’C) heating 


Anlsole 


m-Gr«K)l 

Phenol 


AlocAol 

(GSa)^OH no-iao 

(CHi)gCHOH 120 


(C%)gCHOH 180-140 

(QH.),^OH 188 

(CA)(CHg)CHOn 120-140 


PrcMluct 


Aniiole (CaB^)(CHi)CHOH 100 


p-OH.GiH«.CH(CHi)a 
nonphnoliB fmotum 

o- and V 


0- 


CKi« 0. CeHj • OH( OHg)i 


4-0 


id £- 
o- and p- 

eH,O.C.H«.OH(GH.)t 
o- and 0- 
Oa.G|H«.CR(CBe)t 


U. a P. 1,07DW (1994) to 0 Albrecht (to Soo. DOiir rind. 
B. C* Horton and T. x. Haieh, /. Am, Cham. SSc., 99. 

* I* P. Taufcervniiilc and Z. NaMimra, /. Oen. Chmm, JO, 
§778. 1. P, Twleerranlk and Z. T """ “ 

Z« M, Naianrvai /. Own, C/iem. 



TIfiH 


% 

YieIJ 

52 

23 

60 

38 

80 

04 

08 

20 

52 

13 

55 

10 

13 
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Pbsnol 
or bdiar 
Phenol 

Aloohol 

(CKb)(CbHi)CHOn 

Rnotlon 
tomp. (^) 

ao 

40.S0 

Hours of 

hentuiK Product 

24 phmolio fmstion 

4 nonphenoLie fraction 

Yield 

67.5 

18 

Anuole 

(OH^KG.Ht)CHOH 

ao 

40-60 

34 CHaO.C^H«.CH(^rCHa) 

4 GHeO.CAlGHCCgtfiKCHa)]. 


Phenol 

CHrOH 

no reaction 


Phenol 

OAOH 

120-140 

6 diethylphsnol 

0 - and p-sthylphenol 
nonphenolie frawon 

I7J 

a4.B 

11 

Phenol 

propyl 


0 - and p-propylphenol 
.GbHs- 0. 

78.0 

17 

Phenol 

butyl 


phenoliD products 
nonphenolie 

73 

14 

Phoiol 

isobutyl 


(CH.)4«C.CA.0H 

CiH. 


Phenol 

isonniyL 

100 

8 amvlphenols, one of which is 

(cai)sCii.cu(cn«).CeH4.oa 



As noted above, small amounts of dialkylpbenol ethers, Rg.Cells-OR, 
or alkylphenol ethers, R.CaH 4.0R, are often formed during the reaction. 
Yield of the latter increases with decrease in the aluminum chloride con- 
centration and temperature. The following series of reactions was 
advanced as possible steps m the process: 

ROH + AICl. » HCl + A1CI.(0R) 

C.H.OH + AlCl, > HCJ + CJI. .0 .AlCli 

HCl + A1C1,(0R) + CJi. . 0 . AlCl. > C,H, . OR + AlCU + AlCbOH 

The monoalkyl phenol etlier is then converted to the ether of alkylphenol, 
R.CgH^.OR, by the action of excess catalyst or by higher temperatures. 
The conversion may be a saponification: 


R.CJI4.OR + HCl R.(:sH 4.0H + RCl 

a rearrangement: 

R.CtHi.OR + CtU.OH 2R.Cai*.0U 

or 

2B.C.H4.OR H,CaH4.0H + R>.CJI..OR 

It has been reported that p-ferf-butylphonol is advantageously pre- 
pared if the alkylating agent is a mixture of butyl alcohols, butenes, and 
butyl chloride. The following yields were secured in various experiments 
by using the indicated reactants with phenol at 60-80° : 



Phenol 

f-bulvl 

f -butyl 

isobutyl 

iso- 

Aia, 

.. 

Xxpt. 

(8) 

aloohol (e) ehlnride (g) 

chloride (g) 

butene (g) 

(b) 

Yield 

1 

47 

HO 

4 


26.1 

10 

64 JS 

2 

47 


4 

60 

26.4 

5 

71B 

3 

47 


4 

60 

some 

5 

703 

4 

94 

. , 

9 


56 

5 

773 

“V. 1. 

I«Siil9Wnti tad P. P. 

Bagryantiova. Ns/fpoiUM Khot 

1918, No. a, 

80-41; 

C. A.. U88. 
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Experiment 3 was effected in carbon tetrachloride solution. Experiment 4 
was carried out by using a temperature of 100° and a pressure of 5 atmoa- 
pheres for two minutes. 

Tertiary Aliphatic Alcohols 

The condensation of phenol with tertiary aliphatic alcohols M'aa 
effected by Huston and Haieh by treating an equimolecular mixture of 
phenol and alcohol suspended in petroleum ether with a half mole of 
aluminum chloride at 25-30°, and allowing the mixture to stand for 
several hours before decomposition with ice and hydrochloric acid. 
p-Alkylphenols in 45-60 per cent yields were secured from terf-butyl, 
tert-omyl, and the three terf-hexyl alcohols. Tzukervanik and Naza- 
rova ^ report that condensation of feri-butyl alcohol or of dimethylethyl 
carbinol with phenol and aluminum chloride proceeds analogously to that 
with benzene and toluene, giving 60-70 per cent yields of alkyl phenols. 
Considerable amounts of olefins and alkyl halides were also produced. 

Using a half mole of aluminum chloride with a molecular equivalent 
of alcohol, condensations of phenol with the following tert-heptyl alco- 
hols were also effected, with formation of the indicated p-hydroxyphenyl- 
methanes from the corresponding carbinols 


ProduQt : 

p-hydraiypbenyliiieUiane 

n-butyldimeihyl* 

isobutyldimethyJ- 

8]/m-butyldiinethy]- 

ter ^-butyldime thyl- 

Ti-propylmethylethyl- 

isopropylmcthylethyi- 

triethyl- 


% Yield 

mp C“C) 

645 

16-17 

44.4 

31^ 

275 

40-505 

25.8 

133-134 

30.7 


408 

42-43 

308 

758-768 


Reaction of ^ert-dimethylamyl carbinols with phenols has been 
effected by dissolving 32 g of the alcohol and 28 g of phenol in 100 cc of 
petroleum ether and adding dropwise during two hours 17 g of aluminum 
chloride suspended in 150 cc of petroleum ether at 25-30^, and allowing 
the mixture to stand over night. The following products were sccurcil 
in the indicated yields from the corresponding tert-octyl alcohol and 
phenol 


%YM 


2-methyl-2-p-liydrozyphenylheptaDe 605 

25-diniethyl-2-p-hydroxyphenyUiexun(' 355 

2.4- dimethyl-2*p-hydroKypheiiyUiexanc 585 

2,6Hliinetiiyl-2-p-hydroxyphe]iylhexane 64.6 

2-metliyl-3-etbyl-2-p-hydroxypheiiylpeniaiie 285 

2.4.4- trimethyl-2-p-hydroxypheDylpcntane 045 

25i4-triiiiethyl-2*p-hydroxypheiiylpeniaiie 23.1 

253*triinetky1-2*p-hy iJrm(ypheiiyl r^entanc 2.1 


na. C. UiuUm and T. Y. HmmIi, /. Am. Chmn, Soc., Np 4a»-44I (1936) 

WT. 'l*ftuk«rvuiik and SS. NrarovB, /. Otn. Chem. (U. B. 8. rJ, 9. 707-770 (1036); 
0. Hinton nnd Q. W. H^ripk, /. Am, Chim, Boc„ BP. SQ0UMO9 (1087). 
a. G. Huffton mill a. L. Qnilo, /. Am. Chvm, Boc., ii, 69-70 (1080). 
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The manufacture of alkylphcunls hy rondonsation of a nionohydric 
^er/oaliphatic alcohol with a phenol at 0-50'’ in the presence of nlumimim 
chloride and preferably a diluent, such as light petroleum, has been 
j)atpnted,^^ 

Aralkyl Alcohols 

Benzylation of phenol, cfTectcd by treating a suspension of 1 molec- 
ular equivalent of benzoyl alcohol and 1.1 equivalents of phenol in petro- 
leum ether with 0.5 molecular equivalent of aluminum chloride at 20-30°, 
gives a 43-45 per cent yield of p-benzylphenol 


C.Hb . OH.OH + CiHb . OH > C«H. . CH, . C.H 4 OH + H.0 


The yield was not increased by using a molecular equivalent of catalyst. 
When the reaction was cflfected in absence of solvent, poorer results were 
secured. 

Substitution of anisole for phenol, according to the method described 
above for production of p-benzylphenol, gives a 46 per cent yield of the 
methyl ether of p-bcnzylphenol ; with phenetole, a 57 per cent yield of 
the ethyl ether of p-benzylphenol was analogously secured.^* 

Benzylation of o-cresol, effected by treatment of a mixture of 100 g of 
the phenol and 100 g of benzyl alcohol in 200 g of petroleum ether with 
65 g of aluminum chloride at 30-35° gives 2-mcthyl-4-benzylphenol as 
main product, together with small amounts of 2-methyl-6-benzylphenol 
and 2-methyl-4,6-dibenzylphenoI.** 

Reaction of m-cresol with benzyl alcohol effected by gradual addition 
of 60 g of aluminum chloride over a period of two hours to a mixture 
consisting of 120 g of m-cresol, 100 g of benzyl alcohol in 150 g of petro- 
leum ether at 35° results in formation of two monobenzyl cresols, 
3-mcthyl-4-benzylphenol and 3-methyl-6-benzylphenol, together with 
one dibenzyl cresol, 3-methyl-4,6-dibenzylphcnol.^* 

Condensation of p-cresol with benzyl alcohol in the molecular ratio of 
2:1 by treatment with 0.5 mole of aluminum chloride in petroleum ether 
solution at below 30° gives a 35 per cent yield of crude 2-benzyl-4- 
methylphenol and a 36 per cent yield of 2,6-dibenzyl-4-methylphenol. 
When a 3;1 ratio of reactants was employed, with the same amount of 
aluminum chloride, a 53 per cent yield of the monobenzyl compound and 
30 per cent yield of the dibenzyl compound resulted.*® 

In the reaction of benzyl alcohol with 2,G-dichlorophcnol in presence 
aluminum chloride, Huston and Eldridge*® secured not only the 
<?xpected 3,5-dichloro-4-hydroxydiphenylmethane, 


Brii, Chem, 


^ A«ripulturp); 

a. C. Butoa, H. A. Swartnit, ud O. K. WM^weU, /. Am. Chrm. Soe., 52, 4484-4459 (1990). 
a. C. Hurtim ud A. V. Hauk, /. Am. Chfm. Boe., 54, 1509-1510 (1992). 

I__a. a Oirtw ud W. O. liWl., /. Am. Chtm Sue., 53, »«-«« Jl"*?' 
a. C. Hurtu ud B. r. Ddridi., 1- Am. Chm. Soe., 5), 2190-2294 (1921). 
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The condensation of 1 mole of methylphcnyl carbinolj cthylphenyl 
carbinol, or benzhydrol with one mole of phenol in presence of 0.5 mole 
aluminum chloride proceeds with formation of the expected hydroxy 
di- or tri-aryl paraffins.^^ Methylphenyl carbinol gives a 33-35 per cent 
yield of p-hydroxy-l,l-diphenylethane: 

CA.CHCOHKCH.) + CtH..OH CA.C(CH.)H.C.H..OH + 

A 27-30 per cent yield of p-hydroxy-l,l-diphenylpropane is secured from 
ethylphenyl carbinol: 

CA.CH(OH)(CA) +CA.OH CJi;.C(CA)H.C.H..OH + H.O 

From benzhydrol a 40 per cent yield of p-hydroxytriphenylmethane is 
obtained: 


(C.H.)dCHOH + CA.OH (G.H.).CH.CA.OH + B«0 


The fact that the best yield is obtained with benzhydrol, in which 
both alpha carbons are members of the unsaturated ring, has been pointed 
out as additional evidence of the accelerating effect of the unsaturation 
of the alpha-carbon on the reactivity of the alcoholic hydroxy- group 
Using the same proportion of reactants, phenylpropyl carbinol gave 
only a 20 per cent yield of 4- (a-pbenylbutyl) phenol and a 6 per cent 
yield of 2- («-phenylbutyl) phenol." 

The reaction of tertiary aryl-substituted carbinols with phenol in the 
presence of aluminum chloride has been recently investigated by Welslj 
and Drake." The condensation of dimetbylphenyl carbinol was effected 
by adding rapidly, with stirring, 0.083 mole of aluminum chloride to 0.53 
mole of molten phenol, heating the mixture on a steam-batii while 0.167 
mole of the carbinol with 16 g of phenol were added dropwise, and then 
heating and stirring the reaction mixture for one hour. A 72 per cen 
yield of p-(a,a-dimetbylbenzyl)phenol was secured: 


* 1^ 0. HmIm. W. C. L««lh and W. H. Qrotaut, 7. dm. Cham. Bot., 4a IM 
«|L O. Hid H. W. 4trieU«r. /. Am. Chenl. Bae., A «17-4»l (IHI). 

•L. W. Wddh Md N. L. Dmiw, /. Am. Cham. Bee.. M, M-tt (IMS). 


ues-uu (iszr). 
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+ (CH.).(C JI.)C . OH 


+ H.0 


CIls-C-CHi 

I 


CsHb 


It was found that the yield of alkylated phenol was adversely affected by 
temperatures below 100° and aluminum chloride in excess of 0.5 mole per 
mole of carbinol because of increased formation of hydrindene deriva- 
tives. Using molar proportions of phenol and carbinol with 0.5 mole of 
catalyst at 20-30°, yield of the alkylated phenol was only 30-40 per cent. 

Condensation of phenol with mcthyldiphenyl carbinol or triphenyl 
carbinol was carried out under the optimum conditions given above for 
the mono-aryl carbinol. Reaction proceeded more readily as the aryl 
content of the carbinol was increased. Thus, an 80 per cent yield of 
p-( IX, a-diphenylethyl) phenol was secured from methyldiphenyl carbinol, 
and a 95 per cent yield of triphenylmethylphenol from triphenyl carbinol. 
Resinous materials were formed as by-products in the reactions with 
mono- and di-aryl carbinols. Their formation may be assumed to indi- 
cate formation of oleffns and a reaction mechanism involving the addition 
of phenol at the double bonds of the olefin: 

CHi CHa CHi 

0,11,. i.CH, C.H..i:CU. — 

I -HiU I 

6h C.U4 . OH 

Such a mechanism is also indicated by the production of 52 /w-tetraphenyl- 
cthane, instead 'of the uneymmctrical isomer, in the condensation of 
benzyldiphenyl carbinol with benzene in the presence of aluminum chlo- 
ride,®® 

Condensation of xanthydrol and phenol, with formation of 4-hydroxy- 
phcnylxanthane, may be effected in presence of aluminum chloride: 


CbH4 

0 "^CHUll + CallsOlI 


C.II 4 


^CU . C.II 4 . Oil 


+ U.U 


Analogous reactions have been shown to occur when phenol is replaced by 
P-chlorophenol, a-naphthol, p-ierf-( 2 '-phenyl) butyl phenol, and p-fert- 
f 2 -phenyl) amyl phenol. Reaction is effected by refluxing for eight hours 
a benzene solution of tlie reactants.®^ 


S j' MmUt’* thaiia, University of IWJ. 

J- B. Nisdfri ud W. F. Bnrt' /. Am, Chem, Soc.. 5P, 719-7M 


(in7). 
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Ditortlaiy-1,4-Glycols 

The formation of higher ring compounds by reaction of ditertiary- 14 - 
glycols with aromatic hydrocarbons, phenols, or phenol ethers occurs in 
the presence of aluminum chloride.'*^ 2,5-Dimethylhexane-2,5-diol and 
phenol yield 6,5,83-tetramethyl-5,6,7,8-tetrahydro-2-naphthol and a 
smaller quantity of a chromane derivative, produced by further reaction 
of the substituted naphthol with another mole of the alkylating agent 


(CH.).C(OH)CH,CII,(OH)C(CH,), 


CaHsOH + AlCli 

— ► 


CBi CHi 

on 

CHa 
CHa 
C 

/ \ 

CHa CHa 


CHi CHi 


\ / 


r 


O CH. 

/ \ 

-"S 

\1 

CHi 

1 



CHi 


1 

\ 

\ / 

C 


C-H 

/ \ 


1 

CHi CHi 

CH 



/ \ 


Clla CHa 


The condensation probably occurs through primary furniatinn of a 
monoalkyl derivative of phenol which immediately undergoes cyclization 
by elimination of water; however, the intermediate product could not be 
isolated. 

l,l,4,4-Tetraplicnylbutanp-l,4-diol was shown to undergo a siimlai 
reaction with o-cresol. 

The reaction, involving both alkylation and cyclization, has been 
termed cycli-alkylation. Similar condensation products are obtained by 
using diteriiary 1,4-dichloridcs, 1,5-diolrfins, and 2,2,5,6-tctraaIkylt('tra- 
hydrofurans instead of the l,4-glycol8. 


Replacement of Oxygen from Ketonic and Carboxy Groups 

In 1907, Haller and Guyot reported that f erf-aromatic amines con- 
densed with compounds containing the carbonyl group, in presence of 
aluminum chloride, to give substitution products in which the keto-oxygen 
had been replaced by the amine, substitution occurring p- to the amino 
group. Condensation occurred with cleavage of water. Benzophenonc iinJ 
dimethylaniline yielded bis- (p-dimethylaminophenyl) d’phcnylinctliHn( 


ir..,. t + IW) 

o-Bibensoyl reacts witli (liraethylaniline probably according to 
scheme: 



■ f" ^ Sod, (LM-44 (IM). 

"A. Ebllw nd A. Oivot, ComW- md., 144, MT-IM (iw7)i C. 1, MO. 
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a CO-CtHt 
CO-CiHt 




/C«Ui 

r-r(iH4 . N(rHs)i 
I [ C) 

\/X/ 


O-C5II4 . N(CHi)i 
''CbHi. 


+ H 2 O 


Similar reactions were found to occur with dimethylaniline and benzil, 
isatin, indigotin, ethyl phcnylglyoxylate, ethyl oxalate, and anthra- 
quinone. 

An analogous condensation occurs when 3-phenylpyrazoisocunjaraznne 
is reacted with dimethylaniline 



o 

II 

c 

I 

>C*=CH 
N I 


riHsN(CHi)i + AlCla^ 


CiHb 


r . [CBH4N(rHa)B]a 

I + H ,0 

/C=CH 

N I 

\ V=C . CtHi 


In studying the condensation of aromatic monoketoncs with tertiary 
aromatic amines under the influence of aluminum chloride, Courtot and 
Ouperoff®* found that benzophenonc is converted by dimethylaniline 
and aluminum chloride at 40-50'’ into p-dimethylaminotriphenyl carbinol, 
but that at 75-85®, p-dimethylaminotriphenylmethane is produced. 
Under all conditions of temperature, malachite green is obtained only in 
minute amount. Condensation docs not take place with Michler’s ketone, 
but phenyl cr- or /3-naphthyl ketone and fluorenone react with dimethyl- 
aniline as does benzophenone. The reaction with fluorenone is so exo- 
thermic that the ether used as solvent is caused to boil. 

Carbon monoxide reacts with dimethylaniline in the presence of alu- 
minum chloride and under superatmospheric pressure to give up to 70 per 
cent yields of leuco crystal violet based on unrecovered dimethylaniline."” 
The total reaction is, 



but it has been assumed to proceed through intermediate formation of 
T’ydimethylaminobenzaldehyde, which then condenses with 2 moles of 
dimethylaniline to give the final product: 


(CH.)tN . C.H. + CO > (CHa).N . C.H. . CHO 

(CH.) . C.fl* . CHO + 2CJS^ . (CHi). > 

[(CH,)J^ .CJIbIiCH + 
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In an attempt to apply this reaction to aralkyl, aliphatic, and hydro- 
aromatic ketones, it was found tliat in most eases self-condensation of 
the ketone occurs when it is treated with dimcthylanilinc and aluminum 
chloride. The following results were secured with the indicated ketones* 


Hotone 
AcetopheDone 
Styiyl methyl ketooe 
Phenyl styryl ketone 


a-lndanonc 

Acetone 

Diethyl ketone 
Cyclohoxanone 

Cyrlopentanonr 

CycloheptanoDc 

Camphor 


Product 

60% of tnphenylbenzene 

non-baaic resina 

a double rompound (at 30-40'’) which under- 
goes fission at 91-02° to give leuco-malachite 
green 

anhydro-bis-indanone and truxene 

mostly amino reartion product but also the 
ketol, CbHibOj 

diprnpionc alcohol 

at 40-50° gives 1,1'tptramethyldiaminodiphenyl- 
ryclohexane; at 10-20", cyclohexy lpne-2-fvciu- 
hrxanonp is formed exclusively 

at 15“ no isolablr product; at 10" yields an- 
hydro-bis-cydopentanone 

ry cl ohep Ly Ipnccycloheptanone 

unaffected 


The condenHation of oxalic esters with fer^-aromatic amines lia'^ been 
extensively studied by Guyot.®® When a solution of ethyl oxalate and 
dimethylaniline in anhydrous ether is added to a solution of aluminum 
chloride in dry ether, a 60 per cent of theoretical yichl of ethvl (p-di- 
methylaminophenyl) glyoxylate is secured: 


O 

Ix) . C,H, 

A 


+ C.n.N(CH,), 


Airii 


O 

II 

C . O . CbHb 


h. 


o 


r.H,N(rii,)« 


+ n,o 


In the presence of an excess of dimethyl aniline, but not an pxrr^" cf 
aluminum chloride, the product consists almost entirely of ethyl bis'(/>-<li' 
methylaminophenyl) glycolate: 


A. 

A. 

i 


o.c,n. 

OH 


+ 2CJT,N(CH.), 


O 

f' . o . r.iT. 

A. OH 

[(l:eH.N(CH,)>1i 


+ IfjO 


A* higher temperatures and in the presence of an excess of alummunj 
chloride and of dimethylaniline, reaction oecurs with both the carbony 
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and the hydroxy groups. Ethyl triB(dimethylammophenyl) acetate is 
secured: 


A. 

A 


0 . CfH. 

on 


+ 3CiH.N(CH.), 


0 

II 

Aid, C.O.C.ai + 2HiO 
C . C.n4N(CH.), 


When compounds containing a carbonyl group are condensed with pri- 
mary or secondary aromatic amines, reaction occurs with displacement 
nf N-hydrogen. Aniline and anthraquinone yield anthraquinone-9,10- 
ilianil 



It has been claimed that when ketoanils, or their primary constitu- 
ents, are heated with aluminum chloride, decomposition occurs with for- 
mation of derivatives of 2-mGthylquinolinc in over 90 per cent yield, and a 
paraffinic hydrocarbon. Conversions reported include: 


Initial Conatituent 

Acetone anil (or acetone, aniline, 
and aniline-^HGl) 

Ethylmethylketo anil (or aniline, 
aniline HCl, and meihylethyl 
ketone) 

Aratone, 7 >-toluidinc, and p-tolui- 
dine hydroohluridc 

Acetophenone anil 


Froducte 

2,4-dimethylquinoline and 
methane 

2-methyl-4rethylquinoline and 
ethane 

2,4,6-trimcthylquinoline and 
methane 

4-phcDyl-2-meUiylquiuole, 
aniline, and benzene 


The autocoudensation of 2-aiuiuuauthraquinone to flavanthrene is 
effected by treating the quinone in presence of aluminum chloride." 
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but also a dehydrogenation. 

Fusion of 2,2'-diphthalimidobiphenyl (from 2,2'-diaminobiphenyl and 
phthalic anhydride) with aluminum chloride and sodium chloride at 160- 
250° for ten hours yelds flavanthrene.*^ 

An interesting intramolecular condensation is that of l-anilino-4- 
aminoanthraquinone to yield 4'aininorocramidonin ; 



Alumi n um chloride has been claimed to be an effective catalyst fur 
the condensation of a carboxylic acid with an amine. Thus salicylic acid 
and aniline readily react to yield salicyl anilide ** 


a 


+ C.H.NUi 


0:°“ 

\/^CO . NHCiHi 


1- HiO 


Under certain conditions, phenols replace a keto-oxygen of phthalic 
anhydrides. With phenol, phenolphthalein is secured: 





2CtIlt01I 


Ainu 


(CiHiOH)! 

C(> " ■“ 




o 


However, the preparation of phenolphthalein is better efferted in 
ence of zinc chloride, a milder catalyst."® Aluminum chloride is gcncr- 


> V. Kiepelka aiid R. Btefeo, f/al/i (.Iron VERthodov Chtm , 9, 29^84 (1937) 


1 . 31, 


*• Knfiii'lt P. OnSiiWB to I. U. F»r1f«<niiiil. ^ 

"* Ji' 5" E* ^ ImiHTiil Clieni. ImluntrMw') : T /4 . 29i MW ( 

«C. K W»rtf, / C/M-in. 3oe.. 119, U0^952 (1921); C, A., iS, M92. Hw U. H P- pm 

Mr fiuUii^ar (to Inc.) for tiip um of a mixture of nlummum ohkiriiie witU suic o 

enfatyst for thii roMStioii. 
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iilly used for effecting the addition of plipimla to plillialic anhydride wiili 
formation of hydroxy koto-aridb.* fn tliia rase, at least two moles of 
the catalyst to one mole of phthalir anhydride are required. The use of 
molecular equivalents of phthalio anhydride and aluminum chloride 
results in the formation of phthalcins. 

Napbthalic anhydride and phenol readily yield phenolnaphthalein in 
the presence of aluminum chloride; whereas with zinc chloride, tin tetra- 
chloride, or sulfuric acid, the condensation does not take place.**® 



(MJsOH 


Ain* 



3-Phenylpyrazoipociimarazone condenses with phenols; reaction occurs 
with replacement of the keto-oxygen 


a nusoti + Mcu 

' N=C . C*TI« 


(CeHiOTDs 

N I 

\K=C . CaH* 


+ risO 


The cundeiisatioD of benzoyl cyanide with aromatic hydrocarbons or 
phenol ethers has been investigated by Vorlander.®** 9-Cyanofluorene 
and a little benzil are formed if reaction is conducted at room tempera- 
ture and in the presence of aluminum chloride and hydrogen chloride. 
Triphenylacetonitrile is secured when heating is employed during con- 
densation, and no hydrogen chloride is used as catalyst. 

In the cold: 


Q 

COCN 




AlCl* 



- HmO^ 




c 

X \ 

H TN 


page W). 


'‘3). VolitailS. 




m-m (1800). 

IM-IU (1910); 
M88-8470 (1011); 


C. X., ^ 
C. A., 5, 


2100. 

3817. 
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Reaction with heating: 

C.H. 

C*0 + 20«Ht 

NiC"^ 

The condensation of benzoyl cyanide with toluene, ethyl benzene, ani- 
Bole, or phenetole proceeds with formation of triarylacctonitriles in good 
yields. Thus 7 g of benzoyl cyanide, 13 g of anisole in the presence of 
20 g of aluminum chloride in carbon disulfide at 0-10° gave 15 g of 
bis(4-methoxyphenyl)phenylacetonitrile, m.p. 98°. The reaction was also 
shown to be applicable to derivatives of benzoyl cyanide. 

In investigating optimum conditions for Friedel-Crafts ketone hyn- 
thesis, Calloway and Green noted that evolution of hydrogen chloride 
continues as long as the reaction mixture is refluxed. Investigation of u 
residue resulting from the synthesis of acetophenone revealed the pres- 
ence of dypnone. That this was produced by the autocondensatiun of 
acetophenone was shown by the fact that reaction of two moles of aceto- 
phenone in presence of one mole of aluminum chloride gave a 73 per cent 
yield of dypnone: 


C.H. 

N-C'^ 


CHi O CH. II O 

0 + CH,.C-C.H. + H.0 

When benzaldehyde was substituted for one mole of acetophenone ron- 
densation in the presence of aluminum chloride gave a 91 per rent yield 
of chalcone: 

H n H o 

!.h.-<!^=o + CH. . c-c.n, C.H. . : i:: . . c.h. 


o 


In attempting the reaction of various aliphatic, alicyclic, and aryl- 
alkyl ketones and dimethylaniline with aluminum chloride, the scU- 
condensation of acetophenone, acetone, cyclohexanone, cyclopentanonr, 
and cycloheptanone was noticed in varying degrees.’® Acetophenone was 
converted to 1,3,6-triphenylbenzene in 50 per cent yield. The formation 
of this compound probably involves primary formation of 7-methyl- 
benzalaretophenone and subsequent addition of more acetophenone ^to 
this compound, with rearrangement, to yield the phenylatcd benzene ■ 


Cell* 
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Indanone undergoes autocondensation in the presence of aluminum 
chloride to yield anhydro-bis-indanone 



o 


Hi 


c c 

/\/\ / \ 

C=C CHa + HaO 

C 




Ha 




Ring Closure of Carboxylic Acids 

Intramolecular ring closure of keto-carboscylic aridSj when effected 
with aluminum chloride, is generally conducted by preliminary conversion 
tn the acid chloride * Under stringent conditions, however, ring closure 
of the acid itself occurs. 

Upon heating )9-(3-acenaphthoyl) propionic acid in molten sodium alu- 
minum chloride, ring closure occurs with formation of a seven-membered 

rmg'^2. 


Ill 

I 

C CHa 

I 1 

HOOC CO 


HaC CHa 


Ha(^ 


OlJa 


OC CU 



HaU CHa 


+ 


ilaO 


0-Tolyloxyacctic acid and 3-methyl-6-isupropylphenoxyacetic acid 
uiiflergo ring closure when treated with aluminum chloride, with forma- 
tion of corresponding coumaran-S-ones : 



CHa 


CIli 


Clla 


-I- UaO 


COOH 



CHa 


OH(rila)i 


+ llaO 


1 . 

"E. MwSS. Wi*- fit—. /. Am. Chm. Boe., M, ««-«*• (1B«. 

OMfa, Bl, W-IIT /. Chan. Boe. Abt.. tn (I), «« (liai). 
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Although ring closure of sroylbensoio soids is generally effected with 
sulfuric acid, aluminum chloride has been used in some cases.^^ 2-s- 
Naphthoyl-3,6-dichlorobensoic acid thus yields 6,8-dich]oro-l,2>benz- 
antiiraquinone: 




Cl o 


HiO 


Heating (2,5-dimethyl*3-thenoyl)-o-bensoic acid in an AlClg-NaCI 
melt at 140° for five minutes converts it into 2,7-dimethyl-/3-thiophan- 
threnequinone in an 18 per cent of theoretical yield 


o o 

CHj CHi 



o 


The use of an AICIg-NaC'l melt for effecting intramolecular ring (Id- 
sure of dithionaphthenyl ketonic sriclb, with formation of ditliiona])li- 
thenyl quinoncs, is desrrilied by Mayer, who applied the reaction to 
the preparation of dyestuffs of the thianaplitliene series.” 

The cyclization of keto-acids with aluminum chloride is iui|)oilunl 
only in cases where sulfuric arid causes sulfonation before ring riosun, 
as in the rase of phenylbenzoylbenzoic arid. Here the original FrircUI- 
Crafts aluminum chloride complex of the keto-acids can be hoiitnl 
directly with nitrobenzene to give the corresponding plienylantliraiiuinonr 
Practically all aluminum chloride complexes of keto-acids, when (rented 
similarly, yield anthraqumonc derivatives.''^ 

Reaction or Saturated Aldehydes with Aromatic Compounds 


Aliphatic Aldehydes 

Since the condensation of halogenated aliphatic aldehydes with aiu- 
matic hydrocarbons in the presence of aluminum chloride has been 
reported by early investigators to proceed with replacement of halngiD' 
reactions effected with halogenated aldehydes are discussod in the soi- 
tions of this book dealing with Friedel-Crafts alkylations.* Frankfoitcr 
and his co-workers have concluded, however, that the condensation o 

"e/. Gmui r. »»,«# to I. O.; But P. m.in (ino) to M. A. Kuni ond K- K"***'" * 

0 ); C Z., IM I, MM. 

» W. Btdnksaf, T. BuIm, ukI II J v. PalenKlmll, Ann , 540, 7-14 (ION). 

MF. Mom Atm.. ML^-aN (USD 

"b/. Brit. V. M, US (IMS) to I. Q.; Bnt. Chem Aim -B, <U (1030) 

*P EL GroRgUMi Penonal communication. 

" Gf^.^?SikforUr aad W. XritolMViky, /. Am Cham. Soc . 36, 1511-133® (1®13); 

®®2 (1115). E. B. Harm and G. B. lyankfortar, tbtd., 3144*3130 (1083)> 
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chloral or bromal with aromatic hydrocarbons or phenol ethers in pres- 
ence of aluminum chloride proceeds as the Baeyer reaction, with elimi- 
nation of water and production of halogenated aromatic hydrocarbons. 

In order to study more thoroughly the reactions of chloral, chloral 
liydrate, and bromal with certain organic compounds in the presence of 
aluminum chloride, a series of studies on the action of trioxymethylene 
with aromatic hydrocarbons and aluminum chloride was undertaken. The 
trioxymethylene used was evidently paraformaldehyde, which according 
to the investigations of Staudinger,‘*‘’ is a mixture of polyoxymethylene 
glycols, H0.CH20,(CH20)fl,CH20H with a;=lcss than 100 , 

Frankforter and Kokatnur reported that trioxymethylene generally 
reacted with aromatic hydrocarbons, as did the halogenated aldehydes 
mentioned above. The variations observed seemed to be influenced only 
by physical factors, such as the temperature used and the manner in 
which the aluminum chloride was added. These workers mistakenly 
assumed that trioxymethylene had a ring structure which would be 
broken during the condensation, thus permitting reaction with terminal 
groups of the resulting chain. They referred to earlier work of Grassi- 
Cristaldi and Maselli,^* in which the ring had presumably been broken by 
hydrochloric acid to give formaldehyde and a hydrochloride, CICH2OH. 
Grassi-Cristaldi and Maselli had reported the production of diphenyl- 
methane by first treating paraformaldehyde with hydrogen chloride and 
subsequent reaction of this ])roduct with benzene and aluminum chloride. 
Later, however, Litterscheid showed that the production of diphenyl 
methane proceeded not through the intermediate formation of chloro- 
methyl alcohol, but through dichlurodimethyl ether (formed from hydro- 
gen chloride and formaldehyde) , which subsequently reacted with 2 moles 
of benzene to give benzyl chloride. 

Frankforter and Kokatnur also obtained diphenylmethane, together 
with an equal amount of anthracene, by treating their trioxymethylene 
with benzene and aluminum chloride. They assumed that the following 
reaction occurs; 


4CA + (CH^), + AlCli > CH.(C.H.). + CuHio + 3HM + Aid. + H. 

With toluene they secured ditolylmethane and dimethylanthraccne, and 
UitsBumed that the course of the reaction was the same as that with ben- 
zene. Using p-xylene, they report the formation of dixylylmethanc and 
the formation of dimesitylmethane with mesitylene. 

Subsequently, Huston and Ewing showed that the reaction of 
j^"Xylene with trioxymethylene does not give predominantly dixylyl- 
Joethane and tetramethylanthracene, as had been assumed by Frank- 


ton S**5?*^' Ml (!»•). 

Q. B. Fimnkf^rter ud V. R. Xdntnur. /. Am. Chem. Son.. 36, 1329-1587 (1914). 

o' WttyrwlMdd, Ann., Ui, 1«-1B9 (1901). 
a. a Hiwtoa uid D. T. Bwlni. J. dm, C/iotn. Son., 37, 2804-2890 (1016). 
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forter and Kokatnur. According to Huston and Ewing, it is possible tu 
obtain polynuclear compounds containing as high as four bensene rings 
connected by CH 2 groups. The formation of these compounds was 
assumed by them to be due to the fact that the trioxymethylene had 
decomposed into formaldehyde under the reaction conditions, and that 
the active reagent in the reaction is formaldehyde, and not molecular 
trioxymethylene. 

In subsequent polemical papers it was decided that, in the rcartiun 
of trioxymethylene on benzene with aluminum chloride, the reacting 
agent may be formaldehyde, but that since nothing was known of the 
action of formaldehyde on benzene with aluminum chloride this con- 
clusion could be only an assumption. 

The polynuclear compounds secured by Huston and E>Mng from 
xylene were assigned the general structure: 


CHi CHi Clli 



CHi CUi CHi 


The corresponding tetramer, as well as isomers of the trimer and tctiaiiicr, 
was also thought to be present. The formation of these compounds iimy 
be explained by the assumption of intermediate formation of diinctliyl 
benzyl chlorides^** from dichlorometliyl ether and p-xylene, and subse- 
quent addition of the dimethyl benzyl chlorides with each other. 

The resinification, or polymerization, of benzyl halides and related 
compounds is well known. In 1932 Jacobson reviewed the work which 
has been done in this field and made an investigation of polymers obtained 
from benzyl chloride, p-bromobcnzyl chloride, and p-xylylcne broiiiidi 
From a study of the properties of the polymers, he assumed that they au 
hydrocarbon chains containing the group 




as the Btnictural unit. Since this is the kind of structure assienril hv 
Huston and Ewing to the product of the reaction of trioxymethylene 
p-xylene and aluminum chloride, it may be assumed that the reaction 
goes through the formation of xylyl chloride. 

In this connection it is interesting that various workers have reportru 
the oondensation of bensene homologs with formaldehyde in the prebcnco 
of sulfuric acid to give diarylmethancs, alkylated benzenes, and poly' 
nuclear hydrocarbons,** and that p-dibcnzylbenzcnc has been rej)orte(l at 


■ a. B. Fmltfoittr ud V. R. Kok.tinir, /. Am. CArni. Btt., H, jm-HM (MU) A 
Md D. T. ZMu, M., tr. Mol (MU). 


lluehtn 


^ F. M. Uitindheid, loc. eil. 

■vR. A. JaMbMm. /, CAem. Soc., 54, 1918-1118 (1988) 
«A. MaitiUM, /. Ruu PAvf.-C/i«in. Sop. IS. (II 
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one of the products of the oondcnsatinn of formaldehyde and benzene with 
concentrated sulfuric acid in acetic acid.**’ The structure of p-dibenzyl 
benzene 


Ha 



Ha 


resembles greatly the stnicturea of the products obtained by Huston and 
Ewing. 

The production of anthracene or anthracene derivatives in the reac- 
tion of trioxymethylene with aromatic hydrocarbons and aluminum chlo- 
ride may also be traced through the intermediate formation of aralkyl 
halides. Benzyl chloride, for example, has been shown to condense with 
itself in the presence of aluminum chloride to give anthracene.®® 

Since dipbcnylmcthane, polynuclear hydrocarbons of the type 




and anthracene are all products derived from benzyl chloride, it and 
related compounds may be assumed to be intermediate products in the 
reaction of trioxymethylene with aromatic hydrocarbons and anhydrous 
aluminum chloride. The formation of benzyl chloride may be caused by 
intermediate formation of dichlorodimcthyl ether from trioxymethylene 
and hydrogen chloride. Since trioxymethylene is known to contain up to 
7 per cent of water, the hydrogen chloride necessary may easily be pro- 
duced by the action of this water content on the anhydrous aluminum 
chloride. 

The role of hydrogen chloride in this reaction has been recognized by 
Bodendorf,®^ who prepared diaryl paraffins by addition, at 0°, of 1 mole 
of an aliphatic aldehyde to a suspension of 1.2 moles of aluminum chlo- 
ride in a large excess of benzene saturated with dry hydrogen chloride. 
Prom the appropriate aldehydes he secured 50 per cent yields of 1,1-di- 
phenylethane, -n-propane, and -n-butanc, and l,l-diphenyl-2-methyl-nr- 
propane. By-products were alkylbenzenes and resinous materials. 

The action of anhydrous aluminum chloride and trioxymethylene on 
*iaphthenea has been studied.”- Cyclohexane and methylcyclohexanc. 
which do not react with formalin, were found to react with trioxymetby- 
hjne and anhydrous aluminum chloride to give a mixture of hydrocarbons. 
JJne of the products was probably hexamethylbenzene. The main fraction, 
hoiling at 212-215°, contained 1 per cent of oxygen from which the hydro- 
carbon could not be freed. Its boiling range indicated that it might be 
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naphthaJene, but it would not react with formaldehyde and sulfuric nciil 
Upon purification by recryntallizing from alcohol and ether an oxygenated 
compound was obtained. T^pnn difdillation of the material remaining in 
the mother liquor, however, a aubstanee was again obtained which would 
not react with formaldehyde and aulfuric acid, and still was not free of 
oxygen. The constitution of this product was not further investigated, but 
it was assumed to be a product of the reaction of polymethylene givrni 
with cyclohexane or an aromatic hydrocarbon, the oxygen present being 
chemically bound as stable ether oxygen. 

On the whole, the reaction of cyclohexane with trioxymethylene and 
aluminum chloride was found to be complicated, simultaneous dehydro- 
genation and condensation occurring. 

A reaction which is generally used today for the preparation of arninatir 
chloromethyl derivatives is traceable to the work of Grassi-Cristaldi 
and Maselli,*^ who found that if the reaction product of hydrogen 
chloride and paraformaldehyde is treated with benzene and zinc cliloridr 
in carbon disulfide, benzyl chloride is formed. The reaction was subse- 
quently investigated by Litterscheid,*” and more recently by Blanr,®' 
who found that by the action of hydrogen chloride on various aromatic 
hydrocarbons in the presence of trioxymethylene or formalin and pow- 
dered zinc chloride it was possible to get good yields of their chloromethyl 
derivatives. Thus with benzene he obtained an 80 per cent yield of 
benzyl chloride, together with some p-bis-fw-chloromethyl) benzene. He 
found the reaction similarly applicable to the preparation of chloromethyl 
derivatives of toluene, m-xylene, ethylbenzene, propylbenzene, cymene, 
and naphthalene, though smaller yields of monosubstituted products were 
obtained from these compounds. 

Blanc's reaction has been applied recently to synthesis of chloromethyl 
derivatives of p-bromomethyl (or ethyl) benzene, intermediates in the 
preparation of carcinogenic hydrocarbons. Blanc’s method has been 
somewhat modified in that a special catalyst, consisting of a 10:1 mixture 
of zinc chloride and aluminum chloride, is used. In the preparation o 
chloromethyl derivatives of p-bromotoluene, Pieser and Seligman •“ repor 
that the yield was increased about threefold by the use of this spccia 
catalyst. A 74 per cent yield of a mixture of the two chloromethyl deriv- 
atives, 

CHi CHi 

CHia 

and 

'•CHiCl 
Pr 



was thus obtained. 


•F. M. UttamlMld. ilim., 114, Itl-im (IIU). ,,, 

“Q. Hlun, Am. Pmhmmr, tt, M1-S41, C. A , IT. UN; ML Me. efcim. U 
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Similarly, a 76 per cent yield of chloromethyl derivatives of p-bromo- 
ethylbensene has been reported.^ A 69 per cent yield of a mixture of 
2- and 3^chloromethyl-4-bromo-t6rt-butylbenzene has been secured by 
treating with dry hydrogen chloride for 18 to 20 hours at 60-70° a mix- 
ture of 304 g of p-bromo-tert-butylbenzenei 43 g of trioxymethylene, 
end 200 g of zinc chloride which had been freshly fused with 3 g of alu- 
minum chloride.**^ 

The production of o- or p-xylenes by the action of formaldehyde on 
toluene in the presence of hydrogen chloride and a condensing agent like 
aluminum chloride, and hydrogenation of the o- or p-xylyl chlorides thus 
obtained, has been claimed.^^ 

Aluminum chloride has been claimed to be an effective catalyst in the 
condensation of aliphatic aldehydes with aromatic amines for production 
of accelerators for the vulcanization of rubber.^'^ 

Aromatic Aldehydes 

Benzaldehyde with benzene in the presence of aluminum chloride has 
been shown to yield a mixture of diphenylmethane, triphenylmethane, 
and anthracenc.^^ According to Hey/"^ in the production of anthracene 
derivatives by reaction of aromatic aldehydes with aromatic hydro- 
carbons and aluminum chloride, only the meso-carbon atoms are supplied 
by the aldehyde. 

The condensation of benzaldehyde with toluene and aluminum chlo- 
ride at 60° for six hours yields a mixture of 2,6- and 2,7-dimethylnaphthB- 
lenes, together with a mixture of 2,6- and 2,7-dimethylanthracenes. When 
m- or p-bolualdehyde or o-chlorobcnzaldehyde was reacted with benzene 
in the presence of aluminum chloride, the product consisted of anthracene 
and triphenylmethane, together with toluene and m-xylene, in the reac- 
tion with tlie tolualdehydes, and chlorobenzene in the reaction with 
o-chlorobenzald^hyde. 2-Furaldehydc and toluene with aluminum chlo- 
J’ide gave a mixture of dimethylanthracenes. These observations indicate 
that the nucleus to which the aldehyde group is attached plays no part 
in building up the anthracene molecule. It may be inferred that it is 
the hydrocarbon nuclei alone which go to form the two end-rings in the 
anthracene and the rings in triphenylmethane. In the reaction with the 
tolualdehydes and o-chlorobenzaldehyde, the formation of toluene, 
wi-xylene, and chlorobenzene points to cleavage of the carbonyl group 
from the aldehyde. That aluminum chloride effects decomposition of 
benzaldehyde into benzene and carbon monoxide was confirmed experi- 
naentally.ioi That the dimethylanthracenes may have been produced by 
action of the cleaved carbon monoxide on the hydrocarbon may be 
assumed from the fact that upon passing carbon monoxide into hot tolu- 
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ene oontaining aluminum chloride, there is secured a mixture of 2,6- and 
2,7-dimeUiylanthracene8 in a much better yield than that previously 
secured from the action of aluminum chloride alone on boiling toluene. 

Continuing the investigation, the xylenes and biphenyl were reacted 
with bensaldehyde in parallel experiments.^"" With all three xylenes, 
bcnsaldehyde and aluminum chloride gave tetramethylanthracenes. 
Biphenyl in carbon disulfide was reacted with bensaldehyde or with 
methylene dichloride in presence of aluminum chloride. From both 
reactions, a mixture of 2,6- and 2,7-diphenylanthracenes was obtained. 
These experiments further confirm the view that bensaldehyde serves only 
to supply the meso-carbon atoms in anthracene. 

Miscellaneous Dehydrating Reactions 

Dehydration of benzamidc to benzonitrilp occurs upon distillation of 
these materials with a molecular equivalent of aluminum chloride to give 
an 84 per cent yield of the nitrile. Similar treatment of ammonium 
benzoate, using 2 molecular equivalents of aluminum chloride, gives n 
50 per cent yield of benzonitrile. The reaction has been also applied lo 
chloro- and nitro- derivatives of bensamide and to 1- or 2-naphtlm- 
mide."®" 

The action of aluminum chloride on phenol at 350° results in the for- 
mation of diphenyl ether among other products.^"" When cresol is boiled 
with 10 per cent of anhydrous aluminum chloride, there is secured 3,6-di- 
methylxanthene in 5 per cent yield, together with m-cresyl ether.""* 

When diphenyleneglycolic acid is reacted with benzene and aluminum 
chloride, condensation occurs with cleavage of water 


(VQ ^ 


OH'^COOH 



The direct production of aromatic amines by treatment of an aromatir 
hydrocarbon with hydroxylamine in the presence of aluminum chloride 
has been reported.""" Aniline is produced in small quantities from brn- 

+ NHK)H ^ 


sene, toluene gives a mixture of o- and p-toluidines, and o-xylenc givc^ 
a relatively good yield of 4-amino-l,3-xylcnc. Similar condensation') 
with p-xylene, mesitylene, and naphthalene arc described. An attempt 


•"a. AuehSti lod H. ImmadorS, Sor., 17, SSM-SIT (1881); 18, 887-888 (1888). 

Saiim Mid D. H. Bay, /. Cham. Boe., 1847-1888 (18U). „ . . , 

"•J. r. Norrit Slid B. M. Bturga, J. Am. Cham. Boc., 81, 14U-U17 (1888). J. F. Nomi uid ^ 
KUnka. (bid., il. 1481-1488 (1840). 

V. Man and W. Waith, Bar., M, 187-108 (1881); J. Cham. Bor. Aba., 184 (1881). . 
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' Da Voiiandgr and A. PritMshe, Ber.. 4C, 1708-1700. C. A., 7, 1013. 

>C. Onebe, 84* 1770-1701 (1001); /. Chema Boo. Abi., M (I), 828 (1001). 
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was made to substitute phenyl- or p-tolylhyilroxylaminc or benzophenone 
oxime for liydruxylaiiiino in (lie reaction with benzene, but no appreciable 
yields of condensation products were secured. It was later shown, how- 
ever, that phenylhydroxylaminc does condense with benzene with forma- 
tion of p-aminobiphenyl, because of a dehydrogenating condensation.^"* 
l-Nitro-2-methylanthraquinone is converted into anthraquinone-1,2- 
i.soxazolc upon treatment with aluminiun chloride 


0 NO* 0 N- -0 



0 


‘•A. Klinl and H. Hubn, Btr., S3, lt4l-lS5S (1D2D) 
<«> Oinnin F. m,sm to I. O. 



Chapter 13 

Dehydrogenating Condensations and 
Reduction Phenomena 

Aluminum chloride catalyzes nuclear dehydrogenation condriiHatidii 
of aromatic hydrocarbons, with formation of higher ring compounds. The 
reaction may be intramolecular or intermolecular. Thus l,l'-binaphtliyl 
yields peiylene,^ and two moles of chrysene yields 2,2'>bichrysenyl *; 



Dehydrogenating condensations of this type have been frequently 
mentioned in the literature as side reactions observed upon treatment ol 
aromatic hydrocarbons with aluminum chloride. Often apparent during 
alkylation, they have been generally considered only as obstacles which 
prevented smooth Friedel-Crafts reaction. Numerous illustrations of such 
condensations are given in that section of this book which deals with 
the effect of aluminum chloride on aromatic hydrocarbons.* Hence, m 
order to avoid repetition, the discussion which follows will be limited to 
reactions involving dehydrogenating condensations of compounds othei 
than aromatic hydrocarbons. 

Since the application of the dehydrogenating activity of alurainiun 
chloride to the synthesis of polynuclear ring systems has been largciv 
worked out by Scholl, who has extended it primarily to the synthesis of 
a wide range of oxygenated derivatives, condensations of this type arc 
known as Scholl reactions. The method offers a means for the preparation 
of a wide series of polynuclear compounds having quinoid radicals, and 
hence has been extensively used in the manufacture of dyestuffs. Iri 
many cases the use of an oxidative mixture of fused AlClg-NaCl removes 
the hydrogen more effectively. This process is advisable in certain casco 


BokoH, 0. Bw, ind R. WtitMoboek, Btr. «, Ml-sm (INO); Brit P. 415.W (iW) <' 
1. 0.i Brit. Chmn, Ml (IHI). _ . « .4 31 

■ nmh P. TN,4ir (IW) to 1. 0.; C. A., Bt, HM: Omnu P. nS,4U (INI) UtJ.a.,CA, ». 
1040, 

* See page 712. 
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where the evolved hydrogen has a tendency to reduce ketonic groups to 
hydroxyl groups. 

The fate of the hydrogen evolved in such condensations is of interest. 
The catalytic hydrogenating action of aluminum chloride is discussed in 
this chapter. For example, when nitrobenzene is boiled with benzene 
and aluminum chloride, a small yield of p-aminobiphenyl is obtained. 

Aluminum chloride also acts as a dehydrogenating catalyst in reac- 
tions of sulfur with aromatic compounds, for example in the preparation 
of dibenzothiophene from biphenyl and sulfur: 


2S + 


AlCk 



H2S 


Intramoleculab Condensations 

Scholl Reaction 

Polynuclear Ketones. — In polynuclear ketones the hydrogen which is 
in the peri-position to the carbonyl group is caused to become sufficiently 
labile by the action of aluminum chloride at high temperatures to permit 
ring closure at the peri-position; 



Scholl and Seer^ have attempted, without success, the preparation of 
fluorene by heating benzophenone with aluminum chloride. Polynuclear 
hydrogen is obviously more readily set free than is benzenoid hydrogen. 
The preparation of 1,9-benzanthrone from phenyl 1-naphthyl ketone, 
noted above, was effected in a 76 per cent of theoretical yield by heating 
the ketone with 5 parts of aluminum chloride at 150° for 2\ hours. These 
investigators ^ applied analogous procedure for the intramolecular ring 
closure of a miscellany of polynuclear ketones. l,r-Dinaphthyl ketone 
was found to yield naphihabenzanthronc. Dibenzoylpyrene gave pyran- 
tlirone; 



■A. Behnll ud G. Bear. Ann., 314. 111-177 (1913); /. Chvm. 8oc, Ab^^ 104, 50 (1013), 

Lo O. BeSr, loe. eilf; MonolfA, 33, 1-B (1913), C. A., 6. 990; dermna F. 389, 70} (1911) 

^ B. School, j. chm. Soe, Abf., 103 G). IW (IIU). 
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2-Anthraqiiinoyl l>naphthyl ketone produced 9,10-phthaloylbonzan- 
throne: 



AlCli 


o \/ 0 

Benzil formed phcnanthrenequinone: 

o o 

II II 

-c c 



+ H, 


o o 

II II 

fC — Cs 


<3 "■ 

2-Thicnyl l-naphthyl ketone was converted to bcnzthi(>phantlirone-9: 





+ III 


The reaction has been exti'nded to hydroxy-, alkoxy-, or carboxy- 
dcrivatives of aroyl ketones. Thus plicnyl 2,3-dihydroxy-l-naphtliyl 
ketone gives the expected 5,6-dihydroxy-l,9-benzanthrone.® With 
4-hydroxy or 4-methoxy-l-benzoylnaphthaIene, however, five-membered 
ring closure, with formation of 6-hydroxy-7,8-bcnzofluorcnonc, occurs"; 




OH 


3,9-Di-p-methoxybenzoylperylene has been reported to yield a raixtu'c 
of dimethoxy- and dihydroxyisoviolantlirones.’' Benzanthronc peri-'h' 
carboxylic acid or its derivatives may be secured by heating 4-bcnzoyl- 
1,8-naphthBlic anhydride or its substitution products with aluminum 
chloride witli or without an oxidizing agent": 


■ J. Tunid itnd J. OiymnaMr, Roa. Chem., t, 7B-R2 (lUt) _,i n S 1’ 

•U. B. Fim-DaWd, Hilv. Chm. Acta., U. IMS (IMS); Swua P. 1S8,31I (1M7), anil U- ” 
S4IN,4n (1MT> to Boo. pour I’lnd. Chim.! C. A . 3i, MM, 7M0. 

*Biiiidui P. lUaa (»S7) to A. M. Lukin; C. A , il, 71M. t n i C A . 74. 

“ Oa^tiinn P. MMll (11X7) to O. Krunlmn, H. Gmmo, and H. VdUmaiin (to 1. O.). 

SrSTt Brit P. Sn,M (IW) to I. O., Bnl. CTiem. TU (ISM). 
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OC ro COOH coon 



o-a-Naphthoylbenzoic acid is converted by fusion in an AlCla-NaCl 
nelt at 100° into a product which probably has the following structure ®: 



The formation of polynuclear compounds through ketones may also be 
effected from benzoates, which give hydroxy- ketones by Fries migra- 
2,6-Naphthyl dibenzoate undergoes the following series of con- 
.^ersions in the presence of aluminum chloride: 



The reaction with l-benzoyl-B-bcnzylnaphthalcnes is of interest in 
that ring closure occurs with formation of a five-membered ring '' : 


(X X) a ^0 



Here the presence of a substituent in the pm-position makes the forma- 
tion of a six-membered ring impossible. With l-benzoyl-4-benzylnaphtha- 
jene, condensation takes the usual course, with production of 4,6,8,9-di- 
benzo-lO-keto-3-hydropyrene. 

*i*P*»W to I. G.; Brit, Chmn. 70# (lIttO). 

“K. Brit. Chmn., Abi.-A. 782 
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When N-bcnzoylperimidonc is heated at 150-170'=’ with sodium alu- 
minum chloride, or is boiled in carbon disulfide with aluminum chloride, 
intramolecular condensation occurs according to the scheme 


0 0 o o 



Similar products are secured from the m-nitrobenzoyl and a-naphthoyl 
derivatives. 

The use of aluminum chloride as an oxidizing catalyst was noted by 
Friedel and Crafts,^® who found that upon passing moist air through a 
mixture of benzene and aluminum chloride, some oxygen is fixed, resulting 
in the formation of phenol and other oxygen derivatives. They assumed 
the following mechanism: 


C.H. C.H..AI1CI. C.H1O.AI.CI. CJT.OH + (On)Al,n, 


More recently the production of phenols has been noted during studies on 
the effect of aluminum chloride on aromatic hydrocarbons* and it has 
been suggested as a catalyst for oxidation of hydrocarbon oils.^* Very 
low concentrations of aluminum chloride have been found to activate the 
oxidative deamination of glycine.^* 

Since the Scholl reaction is one of dehydrogenation, the use of an oxi- 
dative mixture of fused salts, or of an oxidizing agent together with 
aluminum chloride, has been found effective in accelerating condensation 
The aroyl hydrocarbons used in tlicsc syntheses are ordinarily prepared 
by reaction of an aroyl chloride with the appropriate aromatic compound 
in presence of aluminum chloride. When reaction is effected in a fused 
salt mixture, as for example in an AlCls-lTaCl melt, ring closure may 
occur during the preparation of the ketone. Dibenzopyrenequinone ami 
its derivatives are thus secured from a-aroylnaphthalenes and aroyl 
chlorides.** Oxidative ring closure offers a method for the preparation of 
polynuclear products from mixed diketones.** Thus, methylpyranthrone 
is formed by adding benzoylpyrcne and p-toluyl chloride to an AlCl-r 
NaCl melt at 110-120°, raising the temperature quickly to 165°, 
passing in oxygen until the reaction is complete, the fused mass becomm;; 


■*V. B. P. 1,7WHS ono) to W. Miegand and R. Haldannieh (to Qoi Anllim Work., Inn.)! Bnt 

UC. Flledd and J. M. Crafto, Compl. rmd., M, 8M-NT (IRI); I. Chnt. Boc. AIm.. 170 (ino'' 
RidL aoc. Mm. (i), », W (1B7I). 

• See Chapter 16. . . » « t a. 

S. P. imUO (IM) to O. EjdoS and 1. C. Mtnril (to UnKranal OS ProduoU), C. ^ 
MO; Brit. P. 441, m (ION) to J. W. Walt, C A.. 30. 4000. _ . ^ 

>B. Kiaoh and K. EUiuwlrUi, Btaelum. Z., m, ui-100 (1004), »rU. Chum. Abi.-A, 440 (1H<’- 
MQennan P. 40,10 to I. O. FBrbeniiuluiitria.^ . . to It* 

OR. BehoU, K. Mcrir. nad J. Donat, Bor., TSb >100-1100 (l«7); V. 6. 1>. IWIAU 
BbbaU, K. Mw. and J. Donat. 
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blue. Reaction probably occurs according to the following sohemej the 
indicated intermediate compound not being isolated: 



Similar rondensationy occur between benzoyl pyrene and cinnaiuoyl chlo- 
ride and between benzoylpyrenc and phthalic anhydride. 

Some ring closures of polynuclear ketones are sunnnarized in the fol- 
lowing table: 

Table 32 


Ketone 

Phenyl 7- alkyl- 1 -naphthyl 
ketonm 

o-Tulyl a-nnphthy] ketune 
»»-TuIyl a-naphihyl ketone 
P-Tolyl a-naphthyl ketone 

B-Tolyl a-naphthyl ketpne 
P-Tnlyl a-naphthyl ketone 

3,8-Di- a-naphihoylpyrene 
SiH-Di-jS-naphthoylpyrene 
^’^‘"ArDyl dwivatives, 0 .p., 

liB-dibenepy lnap h ttial^g l^ 


-DibeMoylnaphtlialene 

1 ^-Dibetacoylnaphtlialene 

- Dibenioylnaphtha- 
2-Beiisoyl-z-toluyl pyrene 

3.9-t>ibenaoyl peiylene 
^ibeneoyl perylenei 
oBHRoyl perylenea 
^.B.B.lO-TeiraroyJ pyranM 

*-MBthy]-4-boiii<^yl naphihaleiic 
^^-Methyl-Mj^agyl oaphthalone 


Added reactant Product 

no converaiDn to benzantbronee 


aromatic nitro 
oompda, contg. 
at le^ 1 other 
nogativa lub- 
■tituent 


AIUIa-1 NaCl or 
pyroluBite 

Aia^NaCl 

MnOi 

MnOi 


NaCI+AlCla 

\ Os 


5-inethyl -1 .0-brasanthrouB 

6 -mciliyl - 1 .B-benzanthrone 
7-iaetliy 1 - 1 , B - b enzanthr DD e 

BBmD methylbenzanthroDB, probably 
B-melhyl - 1 ,B-benzanthrone 

5,B,5',8'-dibimzpyTanthrDne 

7 ,Bi7',8'-dibenzpyrBnthTDnB 
3,4,B,B-dibBniopyrene-6,10-quinoDe 


4,6,B,B-dibeuzopyrene-B,10-i4Uinone 

(5%) 

no reaction 

dibcnzopyrnicquiuuuBB 

mono-mothylpyranthrune 

laoviolanthrone (45%) 
oondensation products 
perylene dyea 

dyes of the pyranihrone aerieB 

4 - Diethyl -peri-bpiizouilirone 
B-methylbenzanthrone 


Hof. 

89 

1 

1 

1 

V 

1 

1 

10,86 


4 

4 

0 

10 

6 

U 

18 

35 

a 

a 
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Ketone 

Added reactant 

Product 

Ref. 

1- Methyl -4-beBaoyl naphthalene 


l-methylbenianthrone 

5 

2- Methyl- l-benaoyl naphthaleno 


■ame as above 

6 

a,a'-l)inaphkhyl ketone 

Al(7U+Naa 

l,8,5.10-dibeni-8-anthrone (27%) 

17 

8-Methyl-l,l-dinaplithyl ketone 

Al(7U+NaCI 

S-methyl -1 ,2,5, 10 -dibena -8-anthronD 

18 


violanthrone 

1 

8,4-Dibydn«ybenBil 


2.4 - dihy draxyphenenihren equin one 




(mlgntion of hydroxyl?) 

26 

8 ,4- Dimethoxy bmail 


2,3 -dimethoxyphenanUireDequinonp 

25 

o-Methoxybeniil 


1 -hy drozyph enanthi enequinone 

27 

Benail 


pha&anthrenequinone (25%) 

1.2.29 

Deecny benzoin 


unnhanged 

2 

4-Benioyl-l-beneyl naphthalene 


4,5,B,9-dibenio-10-keto-3-hydro- 




pyrene 

8 

l-Benioyl-8-beniyl naphthalene 


benzylohryjinfluiirenp, m.p. 167-108'' 

B 

a- or a, a- or a.mreo-mono- or 
diaroyl -anthraoenee 


pyrenequinonee and perylrnDQumonee 

7 

Anthraeyl aiyl ketone or anthra- 

AlClU+kiesd- 

closed ruig pompounds 

11 

eyl bia-aryl diketone 

guhr 


M onobenioylanthrone 

NaO-AlOla 

3,4,B,0-dibciiz-pyrpnp-5,10-quuionB 

28, 30 

Benzoyl -2-nroyl-hydroxy bonz - 

melted AlCIa 

liy droxy- dibansopyrcn pq uinonos 

21 

anthronea with frea pen- 
poaitiana 




8,9-BiB(p -meihoxy bcnzqy 1 ) - 


mixture of diroothoxyiaoviolanthrDiip 


perylene 


and dihydrcxsdeoviolanthrune ; if 




MnOf is uaed with AlQs, yield of 
dimethoxy diaivatives is inoreaM*d. 
ohlorodimethuxyuKi violanthrone is 




aieo fonned 

9 

4-iIy droxy- 1 -boizoyluaphtha- 


0 -hydroxy -73-benaofluorenone 

24 

lene 

S-Hydroxy -8-naphthyl phenyl 


l-hydraxy-3,4-beniofluorenonD 

14,33 

(or p-tolyl) ketone 




8-Hyilroxy-2-naphthyl pbniyl 
ketone or 8-hydmzy-8- 
naphthyl p-tolyl ketone 


hydroxy benzofluorenonee 

23 

8,8-DihydrflKyphenyl 


5,6-diliydroxy-dihydro-l,0-beni- 

anthrone 

16 

a-naphthyl ketone 


Phenyl SA-dibydroxy- 


8,4 - dihy droxy- 1 ,9-ben zan throne 

15 

a-naphthyl ketone 
t-Beneoyl-lA^naphthalic 

ariUi or Without 

benzanthrone-8,l-diaarboxylic acid 

20, 21 

anbyime 

an oxidizing 
agent 



a,a,^-TViphenylpropionic acid 

AlCU-i-littln 

9-phenyl-9,lO-dihydniph0DBDthronB- 



HA) 

lO-oarboxylie aeid 

22 

a-Naphthyl o-ehlorophenyl 


no reaotion 

16 

ketone 





a-Nftphtliyl m- or p-ohloro- 0- ur T-chlorobenuntbronei. reipco- 

pheayl lutooH tively; yieldn miieh iniBlIar than 

that qf benMnthrone aeoured from 
non*«bloritiated ketoiwa 

Ae/0fl0fieM 

1. &. Bcboll and C. Seer, Ann., 394, 111-177 (1912); /. CHem, Soc. Aba., IM, M (1718)- 
^ R. Behdil and Q. Bchwaner, JBer.. SB, 014-880 (1928); C. A., VL 8504. 

IK F. Mayor and A. aKflUti, Far.. H, 103*1889 (1922); C. A., Vf, 99. 

4. R. fiUioll and H. Nemaim, Ber^ 88, 118-120 (1982); ( 7 . A.. 18, 8148. ^ ^ 

5. F. Murer, EL Fleokenftetii. and a. OimUier. Fer., (1, 14M-1479 (1980) ; C. A.. 94. 42M. 

0. A. zi^B and K. Fimke. Far., 88 . a8»-88l7 (1025); 7. Chem. 8oc. ilba.. 128 a). 14M (»- . 

T. U. 8. P. 1,991,087 (1985) to rTn. Lolek and M. A. Perkina (to du Pont); ] 

8. S. DalsFoiiBU and J. Moneir. Ro6e. Chan., 11, 100-182 (1981); Fric. Chan. Abi.-A, 788 ( 

9. Rim. P. 51.427 (1907) to A. M. Lukin; C. A,. 3J. 7120. « aao rtaia^ 

10. BrH. P. 501 (1U8) to Boo. eh«m. lod. in Ba^: Frit. Chain. 

U. OmuB P. 4«,m (IM.) tn L. Bold. Md O. Rhnrw. Cio I. O.); £. 34. 1147. 

11. C. B. P. l,na,TW (int) to a. Ziak. (to P. B«n); C. A., 34, W; (teniaii P. 

to P, Bnm. 

U. Brit. P, 1U.1B (HO) to H. Panin; C, A., it, «M.„. ^ , - 

14. Swim P. 188,810 (1907) to Soo. pour Tind. ehim. h BUe; C. A., 81, 0898. 


deSan P: 404.208 (m8) 
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IS. J. Tunkj WMl J. Gryiiwuwier, Hors. Chew,, i, 7H-82 (1929); Brxi. Chpin. i4b«.-A| 440 (1920). 

10. It Hciioll and C. Bgpi» S5, 100-117 (1022); C. A„ 7, 700; (*. A„ l€, 2142. 

17. J* W. Cook »nd C. O. M: JT^WoniiB, /. Chew, Bnc,, 208-271 (1030). 

18. J. W. Cook aiHl A. M. Robnuaii, /. Vhrm, Soc., SOR-518 (IDM). 

10. U. a. P. 2.072,485 (1085) to R. Brholl, K. Meyer, and J. Donat. 

20. Brit. P. 288, OU (1028) to 1. G.; Bnt. Chem, 748 (1020); C. A., 23, 715. 

21. QaiiiiBn P. 404,111 (1027) to Q. Kranileiu, 11. Grtnuie, and H. Vullmann; C. A., 24, 2757. 

22. J. €. Earl and W. A. Kable. Chem. and Jnd., 475 (1034); P. A.. 20, 2162. 

28. U. B. P. 2,000,488 (1037) to G. Bonhote (to Soc. pour. I’ind. ohim. A R&Ip); C. A.. 31, 7260. 

24. H. E. Fieri-I^Tid, ffelv. Chim, Acta. 11. 1046 (1028). 

25. K. Braea and R. Btroebri, Ber., §3, 2617-2621 (1^). 

26. K. BnMB, F. Luther, and K. Behoner, Ber,, 6J, 2621-2027 (1080). 

27. K. BraM, E. Williff, and R. Hanasen. Ber,, 83. 2018-2616 (1030). 

28. German r. 428,720 (1025) to Farbwerlip Mpintpr, Lunus, and BrilninB. 

20. R. Bchnll and J. Manafdd, Bar., 43, 1784-1746 (1010). 

30. French P. 650,480 to I. G. Farbeninduatric. 

31. U. B. P. 1,003,447 (1020) to O. ^anzlein, K. Zahn, P. Cchwat, and M. Corril (to Graaiielli Dyp- 

atulf Cknp.); C. A,, 23, 716. 

32. F. G. Baddar and F. L. Warren, /. Chem. Soc., 044-048 (1080). 

33. French P. 818,855 (1087) to Roc. pour I'incl. rhim. h B&lp; C. A., 32, 1111. 

34. Brit. F. 810,858 (1028). 

3.1. German P. 054,515 (1087) to I. O. ; C. A., 32, 8625. 

30. U. R. P. 2.238,100 (1041) to E. Mnerspli, K. Kraiier, and M. Bommpr (to Hoc. Chem. Tnd. in 
BaalP. 

Miscellaneous Intramolecular Condensations 

Tn 1910, Rpholl and Mansfeld^" obBervod that mB/fo-bpnzodianthrone 
was converted to TMF.s'o-dinaphthodianthrone upon treatment with alumi- 
num chloride; 



5,13-Diphenylpyranthrone, upon treatment with aluminum chloride 
followed by air * oxidation, is converted into a bright orange vat dye, 
probably according to the scheme'®: 



1 •l''BmaphthyI-3,4,3',4'-tetraquinone yields 2,ll-dihydroxyperyleno>3,10- 
quinone.®* Here the fate of the hydrogen which is evolved is seen in the 
production of the hydroxy- derivative: 


ud i. Manrfdd, Bar., 4J, ITW-ITM (IHI). 

J| Wti* p. in,a9 (1M7) to L O.; irit. Clumi. »1T (IMS). 

■’Ontan T. 4U,1J0 to Bodinba Anilioo i. Bodo-FabrOc. 
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When /9-dinaphthalene oxide is melted with aluminum chloride, the 
five-membered ring is cracked, the hydrogen evolved by nuclear conden- 
sation adding at the points of cleavage 


AlCIi 




The yield of hydroxyperylene thus secured is only about 6 per rent 
1,12-Furopeiylene, 



was also secured from the reaction. 4,4'-Dicyano-l,r-binaphthyl is con- 
verted into 3,10-dicyanoperylene by heating for hours at 140° with 
aluminum chloride. From 2.5 g of the binaphthyl there is secured 1 8 g 
of the perylene derivative”: 



The transformation of 2^'-dimethoxy-l,l'-binaphthyl into 
hydroxyperylene by heating with 4 parts of aluminum chloride at 140- 
160° for two hours has been reported.** 


Btr., «, HN-MW (leU); / Cfcam. Spa (iJmV 

mtUA.. U, UI-US (INO) /. Chtm. Bot. Ab$., W (I). 


B R. WdItMtibook Mid C« 

*A* Zink* Mid Up DmiiIp Manatsht. 

Bnt. P. ias,m to A, Zinks, /. Chem Soe Abt,, tS (ih lH (>»). 
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According to Corbellini and Aymar,®* the condensation of jS-dinaph- 
thnl tio dihydroxyperylene takes plnre in ihe presence of aluminnm chlo- 
ride nlone, but scanty yields Jirc obtained. 

The ring closure of cinnamyiideiianthronc does not occur merely by 
addition at the double bond. Instead, the phenyl residue is cracked off 
as benzene, condensation taking place by dehydrogenation 


H 

I 



o 0 


Azobenzene undergoes intramolecular closure when heated with alu 
ininura chloride to yield phenazonc^®: 



AlCU^ 


N^Nv_ 

_/ 


Anthrimides undergo dehydrogenation with formation of carbazolc dye- 
stuff s 



The addition compound of pyridine with aluminum chloride has been 
suggested as an excellent condensing agent for effecting ring -cloBure of 
dianthraquinonylamines.^*^ Cyclization of 4,5'-dibenzamido-l,l'-dianthra- 
Quinoyl amine has been claimed to take place with less formation of 
by-products if the aluminum chloride is used as a condensation cata- 
lyst in conjunction with an acid halide capable of forming molecular 
«*ompound8 with it. The use of acetyl or benzoyl chloride is mentioned 
Upon heating tetraphcnylthiophene (I) with 4 times its weight of alu- 
minum chloride at 116-120° for 40 minutes, it is converted into a mixture 


.^^jCorboUini una (J, Aymar. Oiom. Chim Ind, 10, IM-IBB (1B2B); Brit. Chmn. Abi.-B, 


(1028). 


9"™"® J- 488,000 to I. G,; Brit. P. 207,130 (1028) to I. G.; Bnt. Cfm. Abi.-B, 847 (1828). 


1 •• w 1 . u, i oni. jr. wr,Mi 

^ Ottina n p, 8U,IOe toj. O, Parbomnduatfi^ 


881,021. and 207,882 to FMbwerke Meister, Luciin, nnd Brunuig, /. Ctimn. 8oc. 
dwim p. *«,B4g (l»3«) to I. O.; C. 30, IJOT. 

. Bf }^ jf ■ MMW jlMT) to I. Q.! Bn*. Chm. Aht.-B, M »•«)■, 
wituh p. ,0 I, Q. . Chem. Abt.-B, 033 (IW). 
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of dehydro-a-diphenanthrenothiophene (III) (m.p. 391-392'*) and 2,5-(li> 
phenyl-3, 4-plienanthrcnuthiop]icne (II) (ni.p. 260®) in low yields.-*® 


QO 

o-'Jo 


(I) 


\ 



iNTERMOLEriTLAB DEHYDROGENATION 

Autocondensation 

Autocondensation of aromatic hydrocarbons has been included in that 
section of this book which deals with the effect of aluminum chloride on 
aromatic hydrocarbons.* Scholl and Seer ®® have found that phenol and 
naphthol ethers lend themselves much better than the parent hydrocar- 
bons to condensations of the aromatic nucleus by elimination of aromati- 
cally bound hydrogen by means of aluminum chloride. The reaction was 
found to be best effected in nitrobenzene solution ; the solvent seeming tu 
prevent cleavage of the alkoxy- groups. From 10 g of a-cthoxynaphtha- 
lene in nitrobenzene with 10 g of aluminum chloride they secured aftci 
16 hours 7 g of 4,4'-diethoxy-l,r-binBphthyl: 



Intramolecular condensation of hydroxybinaphthyls obtained by the 
action of aluminum chloride on hydroxyla^ derivatives of naphthalene 
in the presence of aluminum chloride may be secured by heating them 
vdth sulfur and sodium sulfide.'^ 

The dihydroxyperylene secured by heating /S-binaphthol with alumi- 
num chloride may be converted into 1,12-perylenequinone by treating it 
with aqueous sodium hydroxide containing aluminum powder.®’ 

If manganese dioxide is used with aluminum chloride in the conver- 
sion of binaphthol, and the product is purified by boiling with 5 per cm 


■W, StdakopI, Aim., n«, IW-NO (IW). 

* See Chapter 16. 

■a. BduOl Mid 0. Smt, Bir., SS, OO-Nl (inS). C. A., U, ins. . .. ... n.b..»un. 

A Bnt. P. SlfplM (int) tp C^pacBia dp MjitBrM OdlMiit« «t dp produiti Cbioiia 

r. HuMUnmyo', JUvnaliA., K-M (IMI); /. Chem. Sos. Abt. f/J, <** 

Brit, r, in,ns to A. Zinks; 7. cAm. Soe. Abt. flj, Ultitti)- 
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aqueous ehromic oxide, perylenequinone is secured directly, a-binaphthol 
thus yielding perylene-3,10-qumone 

a-Hydroxyan^raquinone is converted into 1,1 -dihydroxybianthra- 
quinonyl by heating it at 100-130° with aluminum chloride in dry pyri- 
dine.** The formation of flavanthrone from 2 moles of jS-aminoanthraqui- 
nonc involves both dehydrogenation and condensation of amino groups 
with carbonyl groups with water cleavage.*'^ It has been established " that 
2,2'-diamino-l,l'-bianthraquinonyl is first formed, and this is converted 
into flavanthrone at 260° : 



Wlien dimethylaniline is heated with aluminum chloride in the pres- 
ence of air, the following condensation occurs : 


2C.HiN(CHi)i 


(CHi)iNCdI..CiHi.N(CH,). + H. 


Reduction: Fate of Hydrogen Evolved in Dehydrogenating 
Condensations 

Various examples of reduction of compounds containing hydrogen 
occeptors confirm the evolution of hydrogen effected by action of alumi- 
num chloride on aromatic compounds. The fate of the hydrogen evolved 
is definitely shown. 

When nitrobenzene is boiled with benzene and aluminum chloride 
*hcrc is formed, in addition to much resinous matter, an 8.5 per cent yield 
p-aminobinhenvl 


9 . 14U. 


?■ BtoslWi •oi B. Beuii. Momtih., *4, 415-435 (1151); C. A., 
mS'V (IMV to I. Q.; Bnt. Cltem. Ab, -B, 557 (ISIS). 

»,§• ShoU, Bar., 41 l tWl-tm (1S«7). 
nS' oTbiBohMdDrfer, Ber„ 51. 452-458 (IBIB). 

M. FruHMi, AfomlfA,, IT, M-lOO (1596); /. Chem. Soe. Aht., 72 (I), 65 (1597). 
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O.H« + Aicb^ 

Since the same compound is formed from phenyl hydroxylamine and bco' 
Bene in the presence of aluminum chloride, 



NUOH 


CeHa + AlCia^ 




the hydroxylamine may be assumed to br an intermediate product in ilio 
reaction with benzene.®® Here the hydrogen evolved by condensation ol 
the benzenoid compound to a biphenyl derivative, as well as the hydro- 
gen produced during formation of the resinous mass, served to convert the 
nitrobenzene into a hydroxylamine and then to amine. 

The dehydrogenating effect of aluminum chloride in benzene was sub- 
sequently demonstrated by conversion of azobenzene into p-amino- 
biphenyl in 70-80 per cent yields.^® The following steps were shown to 
occur in the conversion, hydrogenation and dehydrogenation playing an 
important part in each step: 


CfHi . N : N Calla + CaJla ► CaHa . NH . NU . Calla . Calla 

C.H..N : N.CiH4.CiU 5 (C.U,C.U4NH)i — >■ 2CilIi . C.lI.NlIi 


Here the various products obtained were well denoted by coloi 
changes ; since the reducible compounds were colored, their bydrogenatiun 
could be conveniently followed. 

Redoctioii in Synthesis of Diaiylquinones ^ 

Diaryl hydroquinones are readily obtained by treatment of p-benzo- 
quinone with aromatic hydrocarbons, phenols, or phenol ethers in the 
presence of aliuninum chloride. The quinone group serves as acceptor for 
part of the hydrogen evolved. 



Monosubstitution does not occur. The 2,5-diarylhydr^uinonoB are easily 
converted into the corresponding quinones upon oxidation with ferric chlo- 
ride in acetic acid: 


"A. Xli^d ud H. Dub 0 r, Ber., S, IM-MH (inO)i /. Chan. Soe. Ain., lU, W O'**)!;, ,.j a 
OR. PummM ud i. Blnull. Ba., S4, nU-WM (UU), C. A., 1«, 1«N. Of. B- 
Prokopeoko, BmIL Aend. ScLCwoie, ISI-IU (1904); /. Chmn. Sop. Abt„ (l)t 4M (1904). 



DEHYDROQENATINO CONDENSATIONS 


661 


OIJ o 



OH o 


Monoaryl hydroqiiinones may be prepared by reaction of certain monO' 
substituted quinones with aromatic hydrocarbons and aluminum chloride. 
Thus toluqiiinone and mesitylene gives a 60 per cent yield of 2-(2',4',6'- 
inmethylphenyl)-5-inethylhydroquinone : 


O CHs OH CIIs 



Tlio aluminum chloride-catalyzed addition of aromatic compounds to 
quinonc was first reported by Puramerer and Prelb^- who describe the 
reaction of p-benzoquinone with benzencj toluene, phenol, and anisole. 
The substituted benzenes were found to be more active than benzene 
itself. Whereas benzene gave only a very small yield of 2,5-diphenyl 
hydroquinonc, treatment of 21,6 g of quinone in 150 cc of toluene with 
67 g of aluminum chloride at 0° during one hour and subsequent stirring 
for four hours gave 20.2 g of crude 2,5-di-p-tolylhydroquinone. The 
product was secured in two forms, one yellow and the other red, which 
were crystal lographically different, but showed the same chemical prop- 
erties. The addition of anisole or phenol was effected in carbon disul- 
fide solution; the products were 2,5-bis(4'-methoxyphenyl) hydroquinonc 
and 2,5-bis(4'-hydroxyphenyl)hydroquinone, respectively. 

Subsequent investigation showed the reaction to be likewise appli- 
cable to phenetole, with production of the corresponding p,p'-diethoxy 
compound. Addition of p-xylene to benzoquinone was found not to be 
so readily effected as the analogous reaction with toluene. The structure 
rjf the 2,5-dixylylhydroquinone secured was not determined. 

Browning and Adams report a 43.7 per cent yield of 3,6-bis-(2',4'-di- 
methylphenyl) -hydroquinonc from the reaction of 375 cc of m-xylene 
and 70 g of benzoquinone in the presence of 140 g of aluminum chloride 
at 20° for two hours. The preparation of 2,6-dimcsitylhydroquinone, 


on ciii 



chb oh 


«S' S- ffiU a. AduM, /. Am. Ch€m. Soc,. 83. 3432-8481 (1931) 


and B. Pr4U, Her., 95. 8108-8116 (1993 
«5‘ SS??" 1489-1442 (19 

Brownlnc nnd R. Adbma. /, Am. Cnem. Soc., 82. 


8105-8116 (1992). 

~'%-4iirr (ini). 
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has been effected by using an even greater excess of aluminum chloride. 
To a mixture consisting of 150 g of aluminum chloride in 700 cc of 
mesitylene, 50 g of benzoquinone was gradually added at below 5°. Sub- 
sequent stirring of the reaction mixture for three hours and customary 
isolation of the product gave 42 g of the diaryl hydroquinone.^'^ 

Investigation of the reaction with phenols shows that the position 
of the substituents has a decided influence on the reactivity of a phenol 
o-Cresol and its ethyl ether readily give 2,5-di-n-cresylhydroqiiinonp or 
the diethyl ether, respectively: 


OH CHs 

-OR 


CHa OH 

Reaction with m-crcsol is much more difficult, and it was not possible to 
secure any product with p-crcsol. However, p-tolyl methyl ether in 
carbon disulfide solution gave a satisfactory yield of 2,5-bis(2-methoxy- 
5-methylphenyl) hydroquinone : 



CHi OH OrHi 



OCHi OH CHs 


The dihydroxy phenols were also found to have varied reactivity. 
Resorcinol is especially active, condensing even in the absence of a cata- 
lyst,*"^ but attempted addition of veratrole or of hydroquinone to benzo- 
quinone in the presence of aluminum chloride gave only poor yields oi 
unexpected products,*® Pyrogallol under like conditions yields di-pyrn- 
gallylhydroquinone,*^ 



The reaction of anthraquinone with dimethylaniline in the preseiift^ 
of aluminum chloride results in formation of tetramethyldiaminodiphenyl- 
anthrone, 


«P. IL Adanu. /. AnL Ohmn, Son., S9, MI-8U (1980. 

JE. Pumiimr, M. DBjJy. atid S. lUiMbiiiir, Bar. 18, TW-799 (1BU). 
PUoiiiMrar and O. Huppman, Bar., 80, lte-14&l (1087). 
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(m.p. 276-278®), together with dimethylamiiiophenyloxanthroM®: 



HydrogenAtion Phenomena in Cyclization 

When phenyl-l-naphthylphthalide is heated with 4 parts of aluminum 
chloride in absence of a solvent, at 130-165®, conversion to 1,2,3,4-di- 
benzopyrenc occurs.^® 



A similar dehydrogenation and reduction was shown in tlie conversion of 
7Meso-diphenyldihydroxydihydro-l ,2-benzanthracene to 5-phenyH, 2, 3,4- 
dibenzopyrene. . 

An interesting case of autocondeiisatinn is that of a-naphthoquinonc, 
which upon heating for one-half hour at 50-60® with 0.5 its weight of alu- 
minum chloride in nitrobenzene is converted into trinaphthobenzene tri- 
oxide in 60-65 per cent of theoretical yields.®® 
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Reaction occurs with elimination of 3 molecules of H 2 O, the hydrogen 
being supplied through dehydrogenation occurring at the 2,3-poBition8 of 
the naphthoquinone. 

Ring closure of bcnzilic acid occurs upon treatment with al umin um 
chloride: 

OH-'''\COOH H^'^SCOOU 

There is thus secured 9-10 g of iluorcne-9-carboxylic acid from 20 g of 
bensilic acid and 40 g of aluminum chloride suspended in 350 cc of ben- 
zene. The diluent may be replaced by carbon disulfide, but anhydrous 
ferric chloride and phosphorus pentoxidc cannot be used instead of alu- 
minum chloride.”^ 

Cyclization of l-methyl-l-(2-xenyl)-2-phcnoxyethanol to 9-methyI- 
phenanthrenc is effected in 10 per cent yield when the carbinol dissolved 
in carbon disulfide is treated with aluminum chloride and allowed to 
stand over night.''’* 



Hydrogenation Phenomena in Friedel-Crafts Reactions 

Reduction has been observed’’'’ in attempted reaction of I,l-diBryl-2- 
Bcylethylenes with benzene and aluminum chloride. Instead of condcii- 
sation, only hydrogenation to the corresponding satiuated diaryl ketone'' 
occurred: 


(Ar)>C : CHCOR 7^ (Ar}iCHCH.GOR 
AlClg 

Although it was found that the reaction involved also replacement of th’’ 
aryl group, the origin of the hydrogen was unknown, for in other studies 
dealing with the reversibility of the Friedel-Crafts reaction, hydrogenii- 
tion had not been observed in replacement reactions involving addition 
to an olefinic linkage which is conjugated to a carbonyl group. 

Hydrogenation phenomena in the Friedel-Crafts reaction has bem 
noted by Nenitzcscu and Isacescu ^ in the reaction of allyl chloride with 

■> D. Vorikadw ud A. Pnt»ib«, S<r.. M, 17n-17W (ItU). 

••C. X. Bradihar ud R. W. H. Tw, /. Am. Ohm. Sue., tt, nS4-llH (im). 

■L, L. Altgandw, A. L. Juaby, Ud R. C. Fiuon, /. Am. Ohm. Su, 87, liaS-»N (UN)- 
^ See page 483. 

MC. D. Nuituwu ud D. A. Uumou, Bar., If, IIM-IUI (int); SrM. Ohm. Abf--a, •*> 
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benzene. The formation of an anthracene derivative in the condcnRatioiii 
with evolution of liydropen, resnlts in an anomalous eonrHe.* 

Aluminum Chloride as a Hydrogenating Catalyst 

Since aluminum rliloride is instrumental in condensing hydrocarbons 
with evolution of hydrogen, it has been suggested for use as catalyst in 
rlestructive hydrogenation of polycyclic aromatics.*’^ Its usefulness for 
ibis purpose arises from its activity as a cleavage catalyst and as a 
(lehydrogenating-condensation catalyst. It not only cracks the hydro^ 
carbons into unsaturated compounds which are hydrogen-acceptors, but 
it also induces the production of hydrogen by promoting dehydrogenating 
condensations. When anhydrous aluminum chloride is used as catalyzer 
the hydrogenation can take place even without the external action of 
compressed hydrogen.*^^ 

Naphthalene with hydrogen under pressure at 500° is only partially 
hydrogenated. The use of aluminum chloride lowers the hydrogenation 
threshold temperature to 450° and increases the yield of liquid products 
and the content of these products in aromatic hydrocarbons, hydronaph- 
lhalenes, and hydroanthraccnes.®'^ The hydrogenation of petroleum frac- 
tions is effectively brought about by treatment with aluminum chloride- 
hydrocarbon complex and hydrogen,''* or by heating with an activated 
aluminum chloride.®® 

Dehydrogenating Condensations with Sulfur and Sulfur Compounds 

The reaction of sulfur with benzene in the presence of aluminum 
chloride at 75-80° was noted by Friedcl and Crafts to result in forma- 
tion of diphenyl sulfide, thianthrene, and phenyl mercaptan. Later inves- 
tigators®^ have confirmed the formation of diphenyl sulfide and thian- 
threne. The ratio of these products obtained was found to be a function 
of the aluminum ehloride concentration, an increase in the catalyst favor- 
ing diphenyl sulfide formation. 

Biphenyl reacts with sulfur in the presence of aluminum chloride to 
Kive dibenzothiophene: 


*&8 page m. 

, 8* B. Anwbnav uid V. F. PqIokiv, /. Qm 


Chem, 





n TT Florantm, loe. cit. 
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An I. 0. Farbeninduatrie patent”^ citca the production of an 80 per cent 
yield of dibeneothiophenc by melting together 308 g of biphenyl with 
128 g of sulfur, ailding 15 g of aluiuiniun rhlnride, and heating for fifteen 
minutes at 110°, for two hours at 110-116°, and finally for eight to ten 
hours at 230-240°. Following substantially the same procedure, Gilman 
and Jacoby secured a 65-70 per cent yield. 

The preparation of therapeutic compounds, useful for the treatment 
of scabies, is claimed by condensing toluene or xylene with sulfur anil 
aluminum chloride by heating until hydrogen sulfide and hydrogen chlo- 
ride evolution has ceased.*^ 

The "Feirario reaction” is the condensation of diphenyl ether with 
sulfur in the presence of aluminum chloride to give an 87 per cent yield 
of phenoxthine, 


ax) 


This reaction has been extended to include 1^2, or 3 methyl- and 1,2, nr 
3-chlorodiphenyl ethers, with a somewhat lower yield of the correspond- 
ing phenoxthine derivative.*® 4,4'-Dimcthyldiphenyl ether yields 3,6-di- 
methylphenoxihine, but in the reaction of 4,4'-(iiacetyldiphenyl etlicr con- 
densation was accompanied by reduction with formation of 3,6-dicthyl- 
phenoxthine.*^ Diarylthioxines^ such as phenoxthine, are claimed to be 
effective insecticides.** 

Thiodiphenylamine and its derivatives can be prepared with yields 
up to 93 per cent by reacting diphenylamine with sulfur and aluminuin 
chloride.®® Thio-/8-dinaphthylamine and thio-p-tolyl-)9-naphthylamine 
and similar products may be prepared in an analogous manner.'^® 

The improvement of lubricating oils or greases is said to be accom- 
plished by the addition of compounds formed by the action of sulfur or 
organic sulfur compounds on olefins, nils, fats, or other high molecular 
weight materials in the presence of aluminum chloride.*^ 

Oily substances obtained by the action of sulfur on toluene, xylene, 
etc. in presence of aluminum chloride have been claimed as effective 
additives to coatings made from chlorinated rubber.^® 


MQffnwn P. (ISU) to E. TMhimkur •od E. Hnnoar (to I. G.); C, A., 21, 20N, C. ^ < 

lUI II, 2407. 

«H. QilnufcP ud A. L. Jpooby, /. Org. Chem., 3, 108-119 (1088). ^ 
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A 50 per cent yield of thianthrcnc may be secured by adding 36 g of 
aluminum chloride to 24 g of phenyl disulfide in 1 liter of petroleum ether 
during one hour and then boiling the solution for several hours. A small 
amount of thiophenol is secured as by-product. Under like conditions, 
0 - and p-thiocresol yield dicresylsulfides, but no mctbylthianthrene. With 
m-thiocresol there is no reaction.''* 

The addition of an excess of aluminum chloride to phenyl mercaptan, 
dissolved in large excess of light petroleum, results in the formation of 
diphenyl sulfide and thianthrene. Hydrogen sulfide is evolved, together 
with a small quantity of hydrogen chloride.''* 

The effect of aluminum chloride on several sulfur compounds in ben- 
zene suspension at ordinary temperature has been investigated.^* The 
following results were secured: 


Initial Compound 
n^Primary amyl sulfide 


Product 

little or no change 


n-Primary amyl mercaptan 
Ethyl mercaptan 
Bcnayl mercaptan 
Benzyl sulfide 

«-Trithianc 


lilUo or no change 
little or no change 
diphenylmcthane 

< 2 moles AlCli— iribcnzylsulfonium 

chloride 

> 2 moles AlCU— diphenylmethane 

< 2 moles AlCli— sulfonium salt, and S 

> 2 moles AlCls— diphenylmethane and 

benzyl sulfide 


”J. J. B. DmuB. Rec. trav. c/iim^TB, IM-Ml (1909); C. d., J, 1747. 
"f* J. J. Deuaa. Roc, trav. r/iim.. 27, 146-148 (1908). 

S. W. Lee end G. Douglierty, /. Org, Chem., i, 48-53 (1939). 



Chapter 14 

Miscellaneous Condensations 

The use of the anhydrides of aliphatic monocarboxylic acids to pre- 
pare alkyl aryl ketones gives products which are purer than thobc 
obtained from the corresponding acyl halides. This type of reaction is 
discussed in this chapter, and the products from various reactants arc 
indicated. The reaction of similar aromatic acid anhydrides is also dis- 
cussed, although this field has not been studied very extensively. 

It is shown in a subsequent chapter * that aluminum chloride pro- 
motes the hydrolysis of organic esters. When such a cleavage of an ester 
occurs in the presence of an aromatic hydrocarbon it is evident that hotli 
alkylation and acylation arc possible. Actually both reactions will occur, 
thus, the condensation of ethyl acetate with benzene in the presence ot 
aluminum chloride produces both ethylbenzene and ethylacctophenonr, 
the ratio of these products depending upon the reaction conditions. 

As might be expected from the ease of alkylation with organic chlo- 
rides, alkylation is also possible with organic esters of other inorganic 
acids such as carbonic, chlorocarbonic, sulfonic, sulfuric, boric, silicic, and 
phosphoric acids. Reactions of this type are reviewed here. 

CHher condensations in the presence of aluminum chloride which have 
not been studied very extensively are also considered here. These include 
the preparation of ketones by the reaction of aliphatic or aromatic car- 
boxylic acids with aromatic hydrocarbons, the alkylation of aromatic 
hyikocarbons with aliphatic ethers, cross-esterification between various 
organic compounds, and the nitration of benzenoid derivatives by the 
oxides of nitrogen. 

ANHYDRmEB OF MONO- CARBOXYLIC ACIDB 

Aliphatic Acid Anhydridea 

Alkyl aryl ketones may be prepared by condensation of either ac>l 
halides or acid anhydrides with aromatic hydrocarbons in the presence of 
aluminum chloride. Recently it has been shown that purer products urc 
obtained with the anhydrides,^ and that when yields are computed oii 
total acyl content of the anhydride, they are of the same order as those 
obtained with acyl halides. 

That condensation of aliphatic monocarboxylic anhydrides with aro- 
matic hydrocarbons in the presence of aluminum chloride leads to pi'»' 

* See pue 783. , n n 

la R. NdUtr Hid B. Adinu, /. Am. Chm. Bve., M, 1B8S-UN (»M). P. H. OiogSlu* “ 
Hud. Ind. Bng. Chm., M, IsiS-Ull (104). 
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duction of kctoopB has long been known. Friodol and Crafts ^ report.cd 
such condensation of benzene with aretio anhydride. Early investigators, 
using molecular equivalent, nr less, iif the catalyst obtained poor results. 
]\firhaelis, for example, notes that p-iiiethylacetophcnonc may be obtained 
by gradual addition of 6 parts of aluminum chloride to a mixture of 
10 parts of acetic anhydride and 40 parts of toluene, and subsequent 
heating.''’ Coinciding with the early announcements concerning the use 
of acetic anhydride for ketone synthesis came theories for the possible 
mechanisms involved. Adrianovsky ^ noted that aluminum chloride con- 
verts acetic anhydride into acetyl chloride. Gustavson ” assumed a dual 
role for the catalyst, postulating a combination with benzene to form the 
romplex AbClu-GCtiHfl, and at the same time a conversion of the acid 
anhydride into chlorine compounds which later react on the Al2Clo.6CeH0, 
with evolution of hydrogen chloride. 

Until 1924, acid anhydrides were generally con.sidered to be far less 
efficient than acyl halides for Friedel-Crafts ketone synthesis. New 
interest in the reaction was aroused by Noller and Adams/ who found 
that aliphatic acid anhydrides may very conveniently be used in place 
of acid chlorides in the Friedel-Crafts reaetion if slightly over two moles 
of aluminum chloride are used for each mole of acid anhydride that is 
allowed to react. 

Groggins and his co-workers ® have shown that with two moles of 
aluminum chloride the maximum yield of ketone obtainable is 50 per 
cent when based on the availability of tw^o acyl groups, and 100 per cent 
when based on the availability of only one acyl group. The first mole 
of catalyst effects cleavage of the anhydride: 

O 

('Hi.l: 

rn.(X)Ci + niiCOGAici. 

CH, . o' 

h 

rile second mole prodneea an active complex with the acyl halide: 

CHiCoci *'°‘* »- rii.c.ri 

Aid. 

•C. FriKid ud J. M. Ctaifti, ilnn. Mm. vhyt. (6), 14, 4M (18W)i Compt. rend., Bf, IM (IW). 
A. MUimUi, att., u; lU-lM (lan); /. Chw.. Soc. Ab>.. m (ISSl). 

Adriuonky, J. A«m. Plvt.-Chem. Boe . 11, 11* (1S79) 
a. OuitMiM, Ber., U, BU (IBTB); /. Chtm. See. Abl., 7BB (IB71). 
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However, if a third mole of aluminum chloride is used, the al uminum 
chloride salt of acetic acid which was primarily formed is also rendered 
active, probably according to the reaction: 

CH.roOAlCTt + AlCl. CH.C.C1 + AlOCI 


AlCl. 

This mechanism was confirmed by a long scries of runs in which 5 miilo^ 
of benzene and 1 mole of acetic anliydride were reacted at 90° with vary- 
ing quantities of aluminum chloride. Data from some of these runs are 
reproduced, the percentage yields shown being based on the availability 
of both acetyl groups of the anhydride: 


AlCU 

Time 

Yield of Acetophenone 


moleB 

(hours) 

(gmmR) 

(%) 

mp rc) 

1.1 

5.5 

28 

12 

1S.2 

2.3 

5.5 

124-128 


18.7 

3.3 

55 

182 

76 

188 

3.3 

11.0 

193-200 

80^3 

18.0 


The influence of catalyst amount on the yield of 4-methylaretophenone 
was shown to have a similar effect in the reaction of toluene with acetic 
anhydride. An 83 per rent yield, based on both acetyl groups, of 4-chloro- 
acetophenone was obtained from 2 moles of the anhydride, 6.6 moles nf 
the aluminum chloride, and 8 moles of chlorobenzene heated for eight 
hours at 30-105° and then at 105° for ten hours. 

Experiments conducted in the presence of iron or aluminum showed 
that they caused no important variation in yield, and the feasibility of 
employing suitably designed vertical iron reactors for carrying out these 
reactions was suggested. 

Since these investigations, optimum conditions for preparation of aryl 
alkyl ketones by Friedel-Crafts reaction of aliphatic monocarboxylic arW 
anhydrides and aromatic hydrocarbons have been the subject of a num- 
ber of patents. The use of at least two ’’ or three * molecular proportions 
of aluminum chloride has been claimed. Advantage is indicated in con- 
ducting the reaction by first treating the anhydride with aluminum clilo- 
ride at 30-100°, removing the volatile acyl halide, and then reacting the 
residue with an aromatic compound at 100-130° in the presence of alu- 
minum chloride.* The preparation of acetophenone from acetic anhydrulc 
and benzene, or of p-methylacetophrnone from acetic anhydride »«' 
toluene may be promoted by adding halogen carriers such as metallic 
iron, aluminum, or zinc.^* In the production of 4 -chloroacetophrnonc, 


*U. a. P. 1,M,7I7 am) to P. H. Gnalm biuI R. H Nigd (to Uo TJ. S. Beentuv o' At"' 
oidtUM) ] 0. Aat MH> ..11. . . I A I 

•U. 8. P. (IBU) to P. B GrasiiiHi (to the U S fboratoiy of Acrioultiirr), c. 

a P. (i«S) to P. H. OroMou M«l R. H. Nagel (to Oie O. B. Beoniaiy of Ap'- 

ouUttre); C. A,^ 19, 8888. . ^ . of 

FI. P. tJBD^bs (1988) to P. H. Grogfina and B. H. Nagel (to the tJ. 8. ®J5pm8 ( 1984 ). 

tnnl! O. 4 .. zCmW; r/. P. H. Orouna and R. H. Nagel, /nd. Bug. Chm., Xi UU-UU (laHi 
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acetic anhydride and chlorobenEene are mixed with anhydrous aluminum 
chloride at about 100° in a crystaliiaing pan until the conversion of the 
reactants to the anhydrous aluminum chloride addition compound is com- 
plete, and the material may then be discharged as a granulous mass.^^ 
A modified process comprises dropping the anhydride into benzene in the 
presence of 3 molecular equivalents of aluminum chloride.^^ 

A list of other preparations effected with anhydrides of aliphatic 
inonocarboxylic acids and aromatic hydrocarbons or phenol ethers in the 
presence of aluminum chloride follows. Since there is some doubt con- 
cerning the basis on which yields as reported in the original papers have 
been calculated, percentage yields are not noted here. 


Arnnialic 


RiAOtaut 

Anhydride 

Dcniene 

acetic 

Toluene 

acetic 

1 .SiO-Trimethylbonzoiie 

acetic 

1 3,5-TiipthylbBiueiLe 

ILCBliC 

nrouiobenKCDB 

arclio 

Clilorobdixene 

acetic 

Biphenyl 

ueelic 

m-DipUBuylbenzene 

acotio 

Aniaole 

acetic 

lloBorcinol dimethyl 
ether 

acetic 

U'-C/reeyl methyl 

acetic 

ether 


/a-Cinyl methyl 

Beetle 

ether 


P~Cmy\ methyl 

acetic 

■ tllPT 


^-Naphthyl method 

acetic 

filler 


1 nluciip 

ohluroacelic 

'1 oluene 

prupionio 

Anuole 

propiomc 

P-Creayl methyl 
ether 

propionic 

Brnni omesitylene 

propionic 

Toluene 

butync 

l»-l>PByl methyl 

cUior 

butyric 

Tiilucne 

vnlrnc 

" J/resyl inoUiyl 
ether 

valmie 

Rf/rrsncse 



Product Ref. 

aceLopbenoiiB 1, 2 

p -methylBcctopheD one 1 , 2 

2,4,6-trimethyUcGtoplicnoiic 1 

2,4,0-tricthylaoetophenDne 8 

p-bromoBCCtopheDono 1,2 

p-DhlorOBCeioplienone 1,2 

4-BcotylbiphBnyl 4 

p-Bootyl-m-diphenylbenAene 5 

p-methoxyMoetophenonD 1,2 

2,4-dimeUiDxyBGetoplionone 1 


3-methyI-4>methDxyBoetophenDne 

2 -m ethyl - 4 -moth oxy aoetoph cnonc 

5 -m ethyl -2-metlioxy Bcetophcnoue 

2 -ni ctli Dxy- 1 - acetonaph th one 

p-niethyl-io-chlnrQBcetDphBnone 
p-inetli> Ipropiopbrnone 
p-mothoxypropiopheDDDe 
5-methyl-2-methoxypropiuplicnDUc 

brom opropi om BBi ty 1 ene 
p -methy Ibu tSTopb enon o 
5-melhyl-2-mBth(MtybutyrDphcnone 

p-iiictlicixyvHliToplidiioiio 
3-inDthyl-4-mcthDXy\ aim uplicnuiio 


1 

2 

8. 

4. 

!! 

0 


R. NoUer uid R, Adame, Am. Chrm. Soc . (1924). 

R. C. a. Noller, Otg. flynlhuM, ▼, 17-19 (19«). . . 

5' ?■ F'®”® “rt Cone, J. Am. Chem Aoc., w, 20W-21HI6 (1988); C. A., 32, 88W. 

N. Ij. t)T»k. Ud J. BniniMqr, J. Am. Chrm. Soc., 57, 9T15-9TJ0 (1999). . . 

>!■ Oaina Goodman, Jr., and A. Lowy. Faprr pienntMl at Am. Cbm. Boaely niMting, Divii 
of rkd^Mn^ BA II... .1 «iMa 


n *l*.^*®w CSwtiiBtry, Milvnukee, 198^ 

R. Adame and M. W. Miller, J. Am. Chem 8or , 62, 58-0 (1»40). 


Division 


yJJ B. P. 1MI,IU dill) to P. H. Grocgins (to the V. fl. Seeretoiy of Agncullure) i C. A., 29, 
“Oatniiu p. Ill, an (107) to P. Un«or (to L G.): C. A.. 31, 9971. 
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Aromatic m-dihydroxy eaters or ketones may be acetylated by Friedel- 
Crafte reaction with acetic anhydride.^* Although acetylation of methyl 

2.4- dihydroxyben8oate cannot be effected by treatment with acetyl chlo- 
ride, when the ester is treated with acetic anhydride and aluminum chlo- 
ride in nitrobensene, methyl 5-acetyl-2,4-dihydroxyben8oate is secured 
in good 3 rield: 

COOCHi rOOCHt 

arotir anhydnde + AlCla^ 

ClliCO 

OH OH 

Like treatment of methyl 5-ethyl-2,4-(lihydroxybenzoate gives nieth) I 

2.4- dihydroxy-3-acetyl-5-ethylbenzoate; 





Under similar conditions, 4-acetyl-l,3-dihydroxybenzene yields botli 2,4- 
and 4, 6-diacetyl-l,3-dihydroxy benzene: 


OH 

uronc anhydride + AlCLg 
OH 

COCHi 

Duvall and Mosettig^* report rearrangement and acetylation ol 
4-acetoxyphenanthrene by Fricdel-Crafts reaction with acetic anhydride 
A 61 per cent yield of 4-hydroxydiacetylphenanthrene was secured bv 
mixing a solution of 9 g of 4-aoetoxyphenanthrene and 3.96 ml of acciic 
anhydride in 45 ml of nitrobenzene with a solution of 5 64 g of aluininum 
chloride in 20 ml of nitrobenzene and allowing the mixture to stand fui 
48 hours. 

The use of acetic anhydride in the presence of aluminum chloride f(U 
the acetylation of diphenylamme or of carbazole has been investigate 
by Boeeeken.^‘ According to Mitchell and Plant the reaction viiti 
carbazole gives 3,6-diacetylcarbazole, m.p. 233'*. 

D. Dm>i Hid M. EkUn, Froc. Imhaii ilMd. Ba, SA. IN-Wl (UU). Bnt Chtm 

n, u (iw) ! c. z.. im i, ara 

•> H. M. Do^l and E. MoMttlg, /. Am. Chtm. Sot.. fO, MM-MU (ItM). 

“Ji BcMkflD, Hec frav. cfi»in., 11, BM-a68 (IMZ) . ^ a mu 

WD. E. BfHdisU uiift Ba O. P. Knt. /. Chem, Boe., mS-UM C19U)i C. A.. 30, 8211 
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Aromatic Hoaobaaic Acid Anhydrides 

Friedel-Grafts condeneation with anhydrides of aromatic monobaaic 
acids has not been extensively studied. Rubidge and Qua have reported 
that benzophenone is obtained in poor yield by reaction of benzene with 
bciiznic anhydride in the presence of aluminum chloride. Upon boiling 
for two hours a mixture consisting of 14.S g of benzoic anhydride, 150 cc 
uf benzene, and 20.5 g of aluminum chloride, they secured 6.3 g of benzo- 
phenone. 

Like condensation with bromobenzoic anhydride, according to Crycr,^^ 
yields benzophenone together with some bromobenzophenone. 

Zeavin and Fisher^" reacted anhydrides of the following acids with 
benzene and aluminum chloride: 


o-methoxybcnzoic 
p-chlorobenz oic 
p-bromobenzoic 
m-nitrobenzoic 


p-nitrobcnzoic 
3,5-dim trobenz oic 
P- ELiid a-naphihoicbcnzoiu 
and a^naphthuicacciic 


With all but the anhydrides of fi- and a-naphthoieacetic acids and of 
m-nitrobenzoic acid, the only ketone foimed was benzophenone. With 
m-nitrobenzoic anhydride ii slight trace of m-nitrobenzophenone was 
secured together with benzophenone. tz- and ^-Naplithoioaeetic acid 
anhydrides yielded acetophenone. 

The reaction of the mixed anhydrides of benzoic and acetic acids with 
benzene and aluminum chloride gives almost a quantitative yield of 
benzophenone and very little acetophenone.^^ 

Mitchell and Plant report that the condensation of benzoic anhy- 
dride with carbazole in the presence of alumiiiuiii chloride in nitrobenzene 
yields 3,6-dibenzoylcBrbazole. 


Reaction of Saturated Esters with Aromatic Coma’ounds 


Carboxylic Acid Esters 

The course of the reaction of esters with aromatic compounds in the 
presence of aluminum chloride varies with the individual ester, used and 
with reaction conditions. Condensation proceeds with primary cleavage 
of the ester, and may be directed to result exclusively in alkylation or 
lioylation of the aromatic component. Simultaneous alkylation and acy- 
lation has been reported. Although earlier investigators generally secured 
mixtures of alkylated and acylated products, more recent studies have 
revealed optimum conditions for the production of either ketones or alkyl 
derivatives. Cryer reported acylation in the reaction of aspirin with 
benzene and aluminum chloride, a 70 per cent yield of acetophenone being 


”?• Bnd N. C. Qua, /. Am. Chmn Sor , (1014). 

iB i' r'Vqc. Tran*. Roy. Soa, Can. (3)t IZp Sect, lllp 110-130 (lOM); C. Z., 1920 li_1402. 

4. M. Zmviq and a. M. Fishirp /. Am. Cham. Sw., 54, ■^88-8742 (1083): C. 2A 
i’ floe. Canada (3), if, Sect. Ill, M 304 (1138). 

•"J- Ow, Tran$. Rayai floe. Con., flee. Ill (3), 19, 88 (Hfl5); C. A., 20, 40B. 
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secured. KaschtaDow ^ found that a mixture of alkylated and acylatcd 
products was secured upon reaction of esters with bensene and aluminum 
chloride. The following condensations are reported: 


Ethyl acetate 
Isoamyl acetate 


Ethyl valerate 
Isoamyl bensoate 


Benzyl benzoate 


Pirodiiote 

ethylbemene 

ethylaoetophenone 

p-diisoamylbeniene 

acetophenone 

cthylvalerophenone 

etl^lbenzene 

diamylbenzene 
Product, b.p. 295-300”, which 
gave terephthalic acid 
upon oxidation 

diphenylmethane 
mr and p-dibenaylbenzene 


Ketonic products were likewise secured by Guyot in the reactiun of 
oxalic acid esters with ^ert-aroinatir amines in the presence of a small 
amount of aluminum chloride at low temperatures: 


R . COO . COOR + C.H. , NR'. ROH -H KrN . OHs . CO . COOR 

With a higher ratio of catalyst at increased temperature, tetraalkyldi- 
aminophenylglycolic acid esters were secured: 


R . OOC . COOR + 2C.H. . NR'. ROH + (R'J^ . C.H.).COH . COOR 


At still higher temperatures and a great excess of aluminum chloride the 
course of the reaction is directed toward formation of hcxaalkyltriamino- 
triphenylacetic acid esters: 

R . OOC . COOR + 3C.H. . NR'. ROH + (RW . C.H.),C . COOR + Hi,0 


p-Acyldiphenyl ethers, together with larger amounts of Fries re- 
arrangement products, have been obtained upon heating o- or p-tolyl 
acetate, m-tolyl butyrate, or o-tolyl benzoate with diphenyl ether in ilie 
presence of aluminum chloride. 

According to Bowden®® reaction of benzene with esters proceeds 
smoothly, with formation only of alkylation products under definite reac- 
tion conditions, these varying with the sensitivity of the following type‘s 
of esters: 


(a) Esters that are easily alkylated. 

(b) Esters of easily decomposed acids. 

(c) Esters of stable acids. 


1, KaaehtBiiQW, /. Ont. Chen. (U. S. S. H.), 2, 61B-528 (1982). Brit. Chem. A5f.-A. 1840 (1882)r 
C. Z.. 1923 h 900. 

• A. Quyot, Ctmpt. rend., 14A 1051-1088 (1W7); C. Z., IW 11, 144. sw' 

Mfi. H. Oooc, /. Am. CA«m. Am., Bi, 838-188 (1880). tor n dvouiiion of Frko rearnufemont. 
PMe OM of tbli book. 

«E. Bowdn, /. Am. Chem. Bee., iO, 048-047 (1088). 
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Procedure (a) was used with ethyl acetate, isopropyl acetate, and n-butyl 
oxalate. It comprised the addition of 40 g of aluminum chloride to 250 ml 
of benzene, subsequent introduction of 0.25 mole of ester (or 0.125 mole 
of dibasic ester), and boiling under reflux for 0.5 to 1 hour. Yields of 
correspondingly alkylated benzenes were 60 per cent with ethyl acetate, 
68 per cent with isopropyl acetate, and 55 per cent with n-butyl oxalate. 

Procedure (b) involved the addition of 30 g of aluminum chloride to 
250 ml of benzene, addition during four to nine hours of 0.25 mole of ester, 
standing over night, and gradually, during four hours, heating the reac- 
tion mixture to 60°. n-Propyl formate and n-propyl sulfite thus gave 
66 per cent yields of n-propylbenzene. The formation of 7i-propylben- 
zene in this case is noteworthy, since alkyl halides and most esters give 
branched alkyl-bcnzencs. Using Bowden’s procedure for the preparation 
of n-propylbenzenc from benzene and n-propyl formate, however, Night- 
ingale and Carton subsequently found that the reaction of m-xylene 
with n-propyl formate yields l,3-dimethyl-5-i8opropylbenzene. 

In procedure (c), Bowden used the same proportion of reactants and 
catalyst as in procedure (a), but since the esters used with this method 
were those of stable acids, longer reaction time was permissible, and the 
yield of alkyl benzene obtained was correspondingly greater. The cata- 
lyst was added to the benzene, and the ester was added in one portion. 
When esters of short-chain acids were used, the reaction mixture was 
allowed to stand over night before heating. With increasing molecular 
weight of the acid, heating was begun immediately. The reaction flask 
was immersed in a water-bath and heated very slowly, and no increase in 
heat was allowed until evolution of hydrogen chloride had practically 
ceased. The longer the chain of the acid, the more slowly reaction pro- 
ceeded. This method gave the indicated yields of alkylbenzene from the 
following esters: 

% Yidd of 

, Eater Alkvlbensene 


ri-Butyl formate 

73 

n-Butyl propionate 

02 

n-Butyl isobutyraie 

73 

iv-Butyl valerate 

B5 

n-Butyl Z-ethylvalerate 

78 

n-Butyl benzoate 

80 

n^Butyl stearate 

40 


It is of interest that whereas a 92 per cent yield of product was secured 
from butyl propionate when 40 g of aluminum chloride was used, with 
30 K of the catalyst, all of the ester was recovered unchanged. 

The Condensation of several alkyl esters of acetic acid with benzene 
presence of aluminum chloride has been studied by Berman and 
Lowy who report the following reactions: 


n V ind B. Owtoa, J, ^m. Chan, floe., tZ, HO-IO (IM). 

"N. Bmuoi md i. Lowy, J. Am. Ch.m. Aie.. «. iSH-2W7 (im). 
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-Mttote 

UMd 

Moloi 

Moltf 
of Aid, 

Tamp. 

Tina 

(houni) 

Product: 

-bpiisetip 

% Yiolil 

lit^ropyl- 

.49 

.538 


1 

iaopropyl- 

13.6 

iMjjfropyl- 

.49 

J»8 

80 

20 

isopropyl- 

102 

IsQpropyl- 

.245 

i»8 

20-25 

23 

isppropy] 

572 

seo^utyl- 

.481 

.946 

80 

10 

sec-butyl- 

16 6 


.431 

.472 

80 

20 

seo-butyl- 

53.7 

see-Butyl- 

.431 

.0428 

80 

10 

ffcc-butyl- 

none 

Metbykiny]- 

.347 

.765 

80 

10 

isohezyl- 

none 

Methylamyl- 

.347 

.191 

80 

ID 

isohexyl- 

none 

MethyJamyl- 

.347 


80 

10 

isohe^Qri- 

480 

Methylamyl- 

.174 

.191 

80 

10 

iaohexyl- 

604 


In the experiment will) methylamyl acetate, the presence of mercurj' 
was found to be necessary for reaction to occur. The 48 and 60.4 per 
cent yields of isohexylbenzene were both secured in the presence of mer- 
cury; the amount of mercury used when the yield was 48 per cent is not 
given; the 60.4 per cent yield was secured in the presence of 10 g of 
mercury. 

In another study 0.45 mole of alkyl ester was reacted with 2 moles 
of dry benzene in the presence of 0.67 mole of aluminum chloride by 
refluxing on a water-bath for 5 hours. The following products wcic 
obtained with the indicated esters: 

Ethyl acetate; 44% ethylbenzene; 23% p-ethylacetophenone; some 
isomeric diethylbenzenes ; and a product, m.p. 182-3°. 

Propyl acetate: 31.7% propylbenzene and a propylacetophcnonc, 
semicarbazone, m.p. 187.3-8.5°. 

Butyl acetate: 31.8% butylbenzene and 9.1% butylacetophenonc, 
semicarbazone, m.p. 180.5-90.5°. 

Eithyl formate: No ketone; 63.3% ethylbenzene, 12.5% diethylbcn- 
zene; in some cases also 1,3,5-triethylbenzene. 

According to Norris and Sturgis the type of condensation product 
obtained depends not only on the ratio of catalyst to ester used and on 
the reaction conditions, but also on the manner in which the individual 
ester is decomposed. In the case of ethyl acetate, the ethyl-oxygen bond 
is broken more readily than the acetyl-oxygen bond. ' 

CHiCOOCiH. CH/300/CA 

Hence, alkylation, rather than acylation is favored. The phenyl-oxygen 
bond, on the other hand, is broken only with difliculty; reaction of phenyl 
acetate and benzene in presence of aluminum chloride, therefore, gives 
acetophenone, although the yield of the ketone is affected by the fact 
that since phenyl acetate undergoes a Fries rearrangement, hydroxy- 
acetopbenones are also produced. With o-nitrophenyl acetate, whirb 
does not imdergo a Fries rearrangement, an 82 per cent yield of aceto- 
phenone was secured. ^ 

Due to the fact that reaction of esters with benzene in presence o 
ahuninum chloride proceeds with primary decomposition of the ester, 

•D. N. Xomnov and R. H. ZalVia, J. Out. Chtm. (V. B. 8. R.), «, Itn-I (IIM); C. it . 

r. Norrii and B. M. StoiBb, J. Ant. Chmn. Sos., U. I41I-U1T (IM). 
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with formation of either alkyl halide or acyl halide, the first mole of 
catalyst used serves only to bring about cleavage. If formation of an 
alkyl halide has occurred, a slight excess of catalyst is sufficient to bring 
about alkylation of the aromatic component present. Since Friedel- 
Crafts ketone synthesis with acyl halides requires the use of a molecular 
equivalent of aluminum chloride, an additional mole of the catalyst must 
be used for production of ketones, if cleavage has proceeded with for- 
mation of acyl halide. 

Condensation of ethyl acetate with benzene, using 0.5 mule of ester, 
3 moles of benzene, and 1.2 moles of aluminum chloride at room temper- 
ature yields diethylbenzenes and higher substitution products; no ketones 
are formed. However, when the reaction mixture is heated for 200 hours 
at 100°, allowed to stand over night at room temperature, and heated for 
twelve hours at 100°, the chief product is diethylacetophcnone, together 
with small amounts of ethylbenzene and acetophenone. 

The course of the reaction of phenyl acetate with benzene was shown 
to be definitely influenced by the amount of catalyst used. Using alu- 
minum chloride, ester, and benzene in the molecular ratio 1:1:4, no aceto- 
phenone was formed. The product consisted predominantly of unchanged 
ester, together with lesser amounts of phenol, and o- and p-hydroxy- 
acetophenone. When the amount of catalyst was doubled, the ratio of 
reactants being 2:1:4, no acetate was recovered, and 43 to 60 per cent 
yields of acetophenone, depending on reaction time and temperature, were 
obtained. When toluene was substituted for benzene, using the same 
ratio of reactants, an 82 per cent yield of methylacetophenones was 
obtained. 

In a later study, Norris and Arthur '*" showed that in the reaction of 
nicthyl and ethyl formates with benzene and toluene in the presence of 
aluminum chloride, alkylation alone takes place at lower temperatures; 
at higher temperatures, the acetates yield derivatives of acetophenone. 
The ketones secured from methyl acetate and benzene were p-methyl- 
aoetophenone and 2,4-dimethylacetophenone. From ethyl acetate and 
benzene, p-ethylacetophenone and an unidentified higher boiling ketone 
were obtained. The ketonic fraction from the reaction of toluene with 
methyl acetate consisted principally of 2,4-dimethylacctophenone. 

The orientation of the alkyl groups, as ascertained above by Norris 
and Arthur, differs from that reported in a patent on the production of 
nuclear alkylated aralkyl ketones by the action of esters of aliphatic 
or fatty aromatic acids with a mono- or polyvalent aliphatic alcohol on 
aromatic compounds of the benzene series in the presence of aluminum 
chloride; it is the subject of an I. G. Farbenindustrie patent.®^ The use 
of 2 moles of aluminum chloride for each ester group is specified. In 
reactions with substituted aromatic hydrucarbons, for example with 
ethylbenzene, the entering alkyl group goes para- to the substituent 
present, and the acyl residue in the o-position. When the reaction is 


; J. r. Norrii Mid P. Arthur, Jr^ /. Am. Chrnn. 8oe^ §2, (IMP). . „ 

^Ovmui p. MTAM (me) to L d. PMbunindurtri®; C. Z.. IW I, MPa; C, A., 31, 708, 
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effected with benzene, the entering acyl- and alkyl- groups go para- to 
each other. Reaction of ethyl acetate with benzene is effected by adding, 
dropwize, 44 g of the ester to a mixture of 133 g of aluminum chloride in 
39 g of benzene, allowing the reaction mixture to stand for 0.5 hour at 
the temperature which had been reached upon addition of the reactants, 
and suhsequently heating it for two hours on a water-bath. After cus- 
tomary treatment, there is obtained a 55-65 per cent yield of p-ethyl- 
acetophenone. If larger amounts of aluminum chloride are used, aceto- 
phenone and 3,4-diethylBcetophenone are also formed. Other reactions 
described include the following: 


HydrooM-bon 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Ethylbenzene 


Eater 

methyl B4setBte 
ethyl butyrate 
fiF-propyl butyrate 
is^utyl butyrate 
ethyl phenylacetate 
glycol diacetate 
cyclohe:qrl acetate 
ethyl acetate 


Froduct 

p-melhylacetophcnonc 

p-ethylbutyrophenone 

p-n-propylbutyrophenone 

p- rNbuty lacetophenone 

p-G thyldeaozy benzoin 

bis(p-acetylphenyl) -ethane 

7 >-cy clohexy lace tophenone 

p-ethylbenzophenone 

2,4i6-triethylaoetDphenonc 

ethylbenzene 

poly-ethylbenzene 


Reaction of esters of higher aliphatic acids with aromatic hydrocar- 
bons or phenols in the presence of aluminum chloride for production of 
alkylated hydrocarbons or phenols has also been claimed.”’^ An example 
cites the formation of a product (b.p. 230-265 "/IS mm), consisting chiefly 
of cetylphenol, by gradually treating with 80 parts of aluminum chloride 
a mixture consisting of 200 parts of spermaceti and 50 parts of phenol at 
temperatures not exceeding 100°, holding the reaction mixture at 100'' 
for about one hour, and heating it for two hours at 150-175''. 

;9-Ketonic Esters. — The condensation of /3-ketonio esters with phenols 
in the presence of aluminum chloride proceeds with formation of cou- 
marins. Ethyl acetoacetate with phenol gives a 30-40 per cent yield of 
4-methylcouinarin 


CHa 



CllaUO ■ CHa • COOCilla. 

AlCIi * 



When reaction is effected in the presence of sulfuric acid instead of alu- 
minum chloride the yield of the coumarin is only 3 per cent. Substitulfu 
phenols undergo like reaction with the ester and aluminum chloride. 
Also, o-hydroxyacetophenone and methyl o-hydroxybenzoate produce 

methyl -5 -hydroxy -6 -acetyl- and S-hydroxy-O-carbometlioxycoumarm, 

■n. & F. S,Ml,5n (im) to S. D. Bobouon (to NaUonil Aiuliiu mud Ohaniwl Oo.)i Clu»- 
1114 (1487). ^ ua. jiMi 

»B.VL Sirthnm, N. H. and H. 0. Shall. Ourfaiii SaL. t, H-M (inT)i C. A.. 31, M*i "K- cn" 

Aba.-A m, w iiiii). 
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respectively. Reaction of the ester and ketone is noteworthy, inasmuch 
as the carbonyl and carboxyl grou])s have an inhibiting effect on Friedel- 
Oafts condensations. The condensation was subsequently extended 
to the preparation of hydroxycoumarins from acetoacetate and resorcinol 
derivatives. Methyl )9-resorcylate gives a mixture of coumarins of which 
the predominate product is methyl 5-hydroxy-4-methylcoumarin-6-car- 
boxylate: 


pii^o . cn2 . concilia 

Hacoon 

on 

From 20 g of methyl /J-resorcylatc, 17 g of the keto-ester, and 32 g of 
aluminum chloride, there was secured 8 g of the above coumarin. Reac- 
tion was effected in nitrobenzene solution at 125-130° for one hour. The 
use of less or more than the 2 moles of catalyst was found to diminish 
Ihe yield. Reaction with ^-resorcylic acid analogously gave 6-hydroxy- 
4-methylcoumarin-6-carboxylic acid, 


o 



CHa 


iioor 



CHa 


and rcsacetophenonc gave 5-hydroxy-6-acetyl-4-mcthylcoumarin. 

The same type of reaction occurs readily with 2,4-dihydroxy-5-cthyl- 
benzoic acid or its methyl ester. Reaction of the ester occurred upon 
heating for one hour at 130-140° a mixture consisting of 11.5 g (1 mole) 
of the hydroxy ester, 10 g (1.3 mole) of ethylacetoacetate, and 16 g 
(2 moles) of aluminum chloride dissolved in 80 cc of nitrobenzene. There 
was secured 7.6 g of methyl 5-hydroxy-4-raethyl-8-ethylcoumarin-6- 

earboxylate, 

CaHa 



The corresponding acid was secured with 2,4-dihydroxy-6-ethylbenzoic 
acid. 

Analogous reactions have been found to occur with ethyl acetoacetate 
and orcacetophenone, 2,4-dihydroxybenzophenone, 2 -acetylreBorcinol, 

“a. M. Botittt, K* M. tnd R. C. Shah, /. Chmn, 8 qc., 328-302 (1928). 
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and phloraoetophenone In a senea of reactions in which various 4-acyl- 
reaoroinols were onndenaod with ethyl acctoacetate, 5-hydro3cy-6-aryl- 
coumarin derivati'i^es were obtained in all cases.** 

Reaction of alkylryclohpxanone-2-eflrboxylatc8 or fra?w-/8-decalone- 
3-carboxylBte with di- or triliydric phenols in the presence of aluminum 
chloridp leads to production of coumarins.*^ The cyclic )9-kctonic esters 
were found to condense more readily than the corresponding open-chain 
esters. 

Ethyl a-acetoglutarate likewise condenses with resorcinol in the pres- 
ence of aluminum chloride to give a coumarin derivative.** 

Esters of Inorganic and Sulfonic Acids 

The use of esters of inorganic acids as alkylating agents in Fricdel- 
Crafts reactions has been reported by various investigators. Friedel and 
Crafts*® reported the alkylation of benzene by ethyl chlorocarbonate, 
and the reaction was subsequently noted by Rennie.*® Kunckcll and 
Ulex found that esters of chlorocarbonic acid may be advantageously 
used in the preparation of alkylbenzenes ; they described the preparation 
of toluene and xylene from methyl chlorocarbonatc and benzene in the 
presence of aluminum chloride. Toluene was similarly reported to yield 
trimethylbenzenc. The ethyl ester of chlorocarbonic acid yielded diethyl- 
benzene and diethyltoluenc from benzene and toluene, respectively. Iso- 
butyl and amyl esters of chlorocarbonic acid were found to give better 
yields of alkylated products than the lower homologs. 

Subsequently, Clcmo and Walton*^ found that aralkyl sulfonates 
could be used as alkylating agents in Friedel-Crafts condensations 
)8-Chloroethyl p-toluenesulfonate with benzene and aluminum chloride 
3 ielded bibenzyl: 


^/N^SOaO . CHj . CIJi . Cl 


CeHf + AlCli 


0 


CHa . Cfli 


0 


Here reaction had occurred with cleavage of the alkyl group of the ruI- 
fonate and addition of phenyl at the point of cleavage as well as by 
replacement of halogen. By heating, under reflux, a mixture consisting 
of 11.7 g of ester, 100 cc of benzene, and 20 g of aluminum chloride, there 
was obtained 7 g of bibenzyl. With the halogen-free ester, ethyl p-tolu- 
enesulfonate, addition takes place only at the point of cleavage, with 
production of ethylbenzene in 64 per cent yield. )9-Cyanoethyl toluene- 


■B. M. Mid B. 0. Shill, J. CAm. Sue.. 14M-I418 (IHS) R D. Dnii ud M. Ekhlu, Pne. J'"' 
Amd. Spi., lA, N7-«n (ini), C. A., J3, aiM. 

•• a V. IMlw.1. uid N. M. Shih, / Chtm. 8 oe , »MI-12U (int). r / 

"N. A. Ghowdhiy ud R. D. Dwu, Proc Ind. Aead. Bci , lA, U-ll (ItM), C. A.. S, WW, C / 

uai n, 


■N.' M. Bhidi, J. OiUB. BMibav, I, Part. 3. 3M-30T (1(33); Brit. Chsm. Abf.-A, UM n, If 
. . . . rrnid., 34, 1430 (1S77). 


■a Friedel fuid 3. M:. Crmita, Comp 

/. C/Mm. Soe., 41, » (1482). 


Mt Compt. 

XnnSIS~Bnd ( 2 ). tA, 813-330 (1313); /. Cfc«n. Sue. Abi., IM O 

OUbd Mid B. Walloi. /. CAmi. Sop., T»-nO (1(18), C. A., a, l(M. 
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p-Bulfonate under similar treatment gives a 72 per cent yield of j9*phenyU 
propionltrile: 



SOaO . CH> . CHi . CN 


CeHe + AtCU ^ 


. CHi . CN 


jfl-Carbethoxyethyl tolucne-p-sulfonate gives ethyl )9-phenylpropionatc 
in 74 per cent yield: 



BOiOGHa . CHi . COiCiHi 


CiHa + AlCli ^ 


. CHi . COflCaHs 


Alkylation has also been claimed to be effected by reaction of tri- 
alkyl or triaralkyl borates with aromatic compounds in the presence of 
aluminum chloridc.'^^ Triisobutyl borate and m-xylenc react according 
to the equation: 

3(CUi)i . CJIi + [(CH.)iCHCU>]tBO. —V 

3(CHi)g . C>H. . C(CH.). + 3HC1 + AlBOi 


A 90 per cent yield of tcrt-butylxylcne (b.p. 201-203°) ia thus obtained. 
Other reactions which may be likewise effected comprise the condensa- 
tion of triisobutyl borate with the indicated aromatic compounds: 


ReBOtont 

Anisole 

Phenol 

Bromobensene 


Produrt 

•p-t er ^-bu Ly lanisole 
p-terf-bulylphenol 
p-brom o-ter t-butylbeneene 


When tribenzyl borate is reacted with benzene and aluminum chlo- 
ride, the product is diphenylmethane. 

Alkyl esters of sulfuric, orthosilicic, and carbonic acids have been 
found to be efficient alkylating agents.'^^ Reaction proceeds according to 
the general schemes: 


3(RO)iSOi + eCJL + 2AlCla > BCJioR + 6HC1 + Ali(80i)i 

3(RO)^ + eCA + 2AlCli > 6C.H11R H 6HC1 + Al.(CO.)i 

3(RO)4Si + 12CJEU + 4AlCIi > 12CJLR + 12HC1 + AhtSiOa)! 


The best yields of monoalkylatcd 
esters are given: 


% Yield of 
mono -alkyl bencpiii' 

^ethyl sulfate 69A 

^ethyl sulfate 71.4 

Diisopropyl sulfate 442 


benzene obtained with the following 

% Yidd of 

EetfT mono-Alkyl benNne 
Dibutyl sulfate 43n 

Tetraethyl orthosilicate 532 

Diethyl carbonate 66.4 


Except in the caee of the silicate, the optimum ratio of aluminum 
chloride to ester was 1.44:1. Higher ratio of catalyst resulted in more 



to A. K.ufmaiin, P. A., X, 1101. 
MOt-MOB (ini). 
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dialkylation. With the silicate the ratio of catalyst to ester was 2.88:1. 
The alkylation of naphthalene with diethyl sulfate was attempted, but 
the product was a hydrocarbon oil which could not be fractionated into 
separate ethylated derivatives. 

According to Norris and Sturgis,*^ the condensation of diethyl car- 
bonate with bensene in the presence of aluminum chloride yields 245 
per cent ethylbenzene, 14 per cent m-diethylbenzene, and 32 per cent 
Sl/m-triethylbenzene, based on the utilization of the two etliyl groups of 
the carbonate, if reaction is effected in the cold, or 53 per cent ctliyl- 
benzene and 16 per cent sym-triethylbcnzene if heating is employed 
The use of trialkyl phosphates or of tert-butyl hypochlorite as alky- 
lating agents in Friedel-Crafts synthesis has been investigated by Beruiun 
and Lowy.*” Condensation occurs accordmg to the scheme; 

(RO) J>0 + 3CJH. + AlCli 3RCA + AlPO. -I- 3HCJ 

i-C.H.OCl + CA + (AJCL) — » t-C4H,C.H. + HOCl 

The reactions studied with benzene arc summarized: 


Eater 

Molea 

Molw 
□f AlCU 

Icmp 

("C) 

Tun#* 

(houra) 

Pi Ofluct 
-henzpnp 

% ^ iHii 

Triethyl phosphate 

0.137 

0.515 

20-25 

10 

cthyl- 

615 

Triisopropyl phosphate 

.112 

.308 

10-15 

4 

isopropyl- 

521 

Tributyl phosphate 

.004 

353 

20-25 

2 

«6c-butyl- 

715 

t^Butyi h 3 rpochionte 

277 

.253 

20-25 

25 

6-butyl 

431 


n-Propyl- and n-butyl sulfites have been used as alkylating agents 
A 66 per cent yield of alkylated benzene was obtained when 30 g of alu- 
minum chloride was added to 0.25 mole of n-propyl sulfite in 250 ml of 
benzene; the reaction mixture was allowed to stand over night, then 
heated for four hours, during which time the temperature was gradually 
raised to 60°. With n-butyl sulfite, 40 g of aluminum chloride was added 
in several portions to the quantity of ester and benzene used above, and 
the reaction mixture was immediately boiled under refiux for about an 
hour.” 

n-Butyl chlorosulfonate has been investigated as an alkylating agent 
From a series of runs it was concluded that optimum conditions compute 
maintenance of temperature at 0-5°, and the use of a 2:1 molar ratio nf 
aluminum chloride and ester, and of about 9 moles of hydrocarbon. 

Condensation of alkyl nitrates with aromatic hydrocarbons in the 
presence of aluminum chloride results not in alkylation but in niiiation 
In 1908, Boedtker^* observed that condensation of benzene and ethyl 
nitrate with aluminum chloride yielded nitrobenzene, and that p-nitio- 
toluene was analogously obtained when toluene was used instead of ben- 

" J. F. Notrii and B. M. aturgii, /. Am, Chmn. Soc « fl| 1418-1417 (1V8V). 

Bmnan and A. towy, /. Am. Chmn. Boe., 60, 2566-2507 (1088). 

BotrdA, /. Am. Chnn. Boc., 60, 640-647 (1088), 

MC Baiicoibiii. R. L. Hoplcmi, and J. F. All«i. /. Am. Ctum, Boe., 61, 2462-2453 (198B)- 
••B. Boedtknr, Bull. aoc. cAim, (4), 3, 736-710 (1068); C. Z., 1008 U, 408. 
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zene. Since the catalyst reacted very violently with ethyl nitrate itself, 
an excess of hydrocarbon was recommended for nitration with alkyl 
halides. The preparation of nitrosobenzenc, but only in very small yield, 
was effected by reaction of amyl nitrite with benzene in presence of alu- 
minum chloride. 

Subsequently, the influence of varying ratios of aluminum chloride on 
yields of nitrobenzene from benzene and ethyl nitrate was studied.®® 
The indicated amount of catalyst with equimolecular proportions of ethyl 
nitrate and benzene gave the following yields of nitrobenzene: 


MoIm 

% Yield of 

of Alda 

nitrobenzene 

0.1 

12 

03 

393 

0£ 

503 

1.0 

16j0 


Nitration could also be affected by reaction of benzene with the mate- 
rial resulting from addition of aluminum chloride to ethyl nitrate. 

Reaction of ethyl nitrate with naphthalene in the presence of alumi- 
num chloride has been found to give 4-nitronaphthalenc exclusively.®^ 


Condensation of Carboxylic Acids with Aromatic Hydrocarbons 

Carboxylic acids may be condensed with aromatic compounds to form 
alkyl aryl and diaryl ketones.®^ Reaction probably occurs through the 
course: 

RCOOH + AlCl, — ► RCOAlCh + HCl 

A 

RCOAICI, + AlCl. — ► HC . Cl + AlOCl 

A A 

AlCl. 

RC . Cl + R' — ► R . CO . R' + HCl 
0 AlCl. 

AlCl, 


Tlie condensation is therefore best effected in the presence of at least 
2 moles of catalyst; and the use of 2.5 moles has been found advan- 
tageous. The following results are reported, using 5 moles of hydrocarbon 
and 1 mole of the indicated acid: 


V. IVoiunr and H. K. atbiBtuUlD, /, Auu. Phytt-Chen, Boc., 12, 2207*1272 (1080); C. A., 25, 

" m Witatudt Htd Q. Bheibw, Bar.. 07, 400-174 (1084); 17. A., 20, 1001. 

1 OM B- Nw.!, Mid A. J. Btirton, Ind. Bvq. Chm., 20, 1817-1110 (1004); O. B. P. 

iM 1,7I7 (1114)^ jfl, H. QnuiM* Mid R. H. NwO. 
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Acid 

Hydrocaibon 

Mr>lM 

nf AlCU 

Temp. 

rc) 

Timo 

(houn) 

%YiHd 
of Krttm. 

Aoetic 

benzene 

2A 

80 

10 

670 

Acetic 

benzene 

30 

86 

5A 

641 

Acetic 

toluenr 

2.0 

106 

7 

612 

Acetic 

toluene 

2A 

106 

7 

800 

Benioio 

chlorobenzene 

3.0 

108 

6 

738 


Similar condensations were effected with propionic arid and toluene, and 
with acetic acid and biphenyl, giving yields of ketones of the same ordei 
It was found that formic acid could not be used as the carboxylic com- 
ponent, condensation leading to the formation of aldehydes. 

The preparation of chlorobenzophenones by condensation of benzoic 
acid, 4-chlorobensoic acid, 4-methylbenzoic acid, or tercphthalic acid witl< 
chlorobenzenes was subsequently investigated."’ Condensation occurred 
with formation of o- and p-isomeric bcnzophenoncs in practically quiinti- 
tative yields. p-Substitution was favored: 


Add 

Chlnrobaiiaie 

-beniophoioiir 

% Yirlrl 

Benzoic 

chlorobenzene 

4-chloro 

62 35 



2-chloro 

119 



unzeparated iaomerz 

3 25 

p-Toluic 

chlorobenzene 

4-phIoro-4'-methyI 

815 



2-chloro-4 -methyl 

10 9 



unzeparated isomers 

36 

Benzoic 

1 ^-di chlorobenzene 

3 4-dichloro 

795 



23-dichloro 

no 



unzeparated izomerz 

45 

Terephthalic 

1 ^-dichlorobeniene 

3 ^'',4 A''-tetrachloro-4'-benEoy 1 

84 



other iaomerz 

13 


Norris and Klemka have reacted 0.2 mole of benzoic acid with 0 44 
mole of toluene by refluxing for 6 hours in presence of 0.4 mole of alu- 
minum chloride. About a 40 per cent yield of p- and a 20 per cent yield 
of o-tolyl phenyl ketones was obtained. The reaction did not proceed 
so well when benzene was used instead of toluene, about 90 per cent of 
the benzoic acid being recovered. 


Reaction of Ethers with Aromatic Hydrocarbons and Phenols 

Diethyl ether has been reported by Jannasch and Bartels “ to con- 
dense with benzene in the presence of aluminum chloride to give pri- 
marily hexaethylbenzene, together with some tetra- and pentaethylben- 
zene. Later, Jannasch and Ratbjen** found that diethylphenol is 
obtained in excellent yield when 300 g of phenol and 300 g of ethyl ether 
are treated, with cooling, with 1200 g of aluminum chloride and then 
heated at 145° until reaction has ended. If the ratio of ether to phenol 
is increased, a more highly alkylated product is obtained. Thus, 100 g 


■ B. P. N«»ten and P. H, Oragfini, Imt. Bnt, . . 

xj. P. Nenil and A. J. Blankn, /. Am . CtSm . Soe.O, UU-UU (iHO). 
■P. Jannatah and A. BaiMa, Bar.. 31, 1711-1711 (MW. 

Mp. laaaaaah and A. nathjMi, Bar., 11 , M 1 -«N (IM). 
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of phenol with 180 g of ether and 550 g of aluminum chloride gives a 
good yield of tetraethylphenol. 

Wedekind and HauBsermannp^^ howeverp were unable to effect ethyla- 
tion of benzene or phenol by reaction with diethyl ether in presence of 
aluminum chloride. 

Reoentlyp Norris and Sturgis have found that the reaction may be 
regulated in such a way as to give either ethylbenzene or sym-triethyl- 
benzene. By adding, during one hour, 1 mole of aluminum chloride 
to a mixture of 0.5 mole of ether in 3 moles of benzene, allowing the 
reaction mixture to stand over night, and subsequently heating for eight 
hours at 100-110°, a 36 per cent yield of ethylbenzene was secured. 
Reaction proceeded through intermediate formation of the molecular 
compound, (C 2 Hb) 20 .A 1 C 1 b. 

Malson and Gardner describe the condensation of diisopropyl ether 
and di-n-butyl ether with benzene by means of aluminum chloride. These 
investigators found that when the molal ratio of diisopropyl ether to 
AlijCle exceeds 1:6, the yield of isopropylbenzene is greatly reduced. In 
order to prevent further reaction of the primarily formed mono-alkyl 
benzene, an apparatus was devised to remove the isopropylbenzene from 
the reaction zone upon its formation. The catalyst was placed in an 
extraction thimble held in a reaction tube which resembled a Soxhlet 
extractor in construction. The tube was left open at the bottom, and no 
syphon was used; it was attached to a dOO-ec flask and provided with a 
reflux condenser. The ether and benzene were boiled in the flask at such 
a rate that the catalyst was continuously covered with liquid. Since the 
alkyl benzene formed is higher boiling, it was not circulated over the 
catalyst, and thus further reaction was prevented. This method could 
not be used with di-n-butyl ether because of its high boiling point; in 
this case the ether was added to the thimble by means of a dropping 
funnel. Monoalkyl benzenes in 20-48 per cent yields were obtained. 

The condensation of ethyl benzyl ether with benzene and aluminum 
chloride has been reported by Kaschtanov to give a mixture of ethyl- 
benzene, diphenylmethane, and m- and p-dibenzylbenzene. 

CroBB-esterifleation of Phenol Esters 

Cross-esterification of phenol esters of carboxylic acids is readily 
effected in presence of aluminum chloride.®' Treatment of hydroquinone 
dibenzoate with isoamyl alcohol yields the phenol and isoamyl benzoate 
in 83.4 per cent of theoretical yield: 


Wadekiad and J. HmuHermann. Ber., 34, 8081-2082 (IBOl). 

J. F. Norris and B. M. Btiirgii, J, Am. Chrtn. Sor,, €1, 1413-1417 (1880). 
t^l,i Mnlion and J. H. Gnrdntf, “Condenantioii of Ftlien wiUi Benaeiip by Mnaiia of Alinninum 

njurr 1889 printed to thn Division of Orgnnir (;ii«>niiiitry, Ameiican Chrmical Society, Balti- 

•JL. I. KMflhtnnov, /. Own. Chmm. U. 3. 3 2, 618-623 (1832); Bnt. Chem, Ab».-A, 1840 (1882). 

A. Vnrvoglie, Ber„ Tl, 1488-8498 (1938) 
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O-0OC«Hi 



CMX)CtHi 



-h 2CiHiOOOCHiCHiCH(Cti,), 


CroBS-eaterification may be effected with o- and m-dihydruxybenzcne 
dibenzoates or their halogen subetitution products in the same way. 
Higher-boiling alcohols are more reactive than the lower. 

It has been shown by von Auwers and Mauss that reciprocal esterifi- 
cation may occur during Fries rearrangements. Thus, a mixture of the 
acetate of 2-hydrox3rmesitylene with 3-chloro-p-tolyl benzoate gives free 
phenols, 3-chloro-2-bydroxy-5-methylacetophenone, the corresponding 
benzophenone, and the benzoate of 2-hydroxymesitylene. 

Ethyl acetoacetate reacts smoothly, through the cnol form, with 
methyl /S-resorcylate in the presence of aluminum chloride with formation 
of methyl 5-hydroxy-4-methylcoumarin-6'Carboxylate: 



The reaction was effected with 1 mole of each ester in nitrobenzene in 
the presence of 2 moles of aluminum chloride at 125-130° for one hour. 
Condensation of /S-resorcylic acid or of resacetophenone with ethyl aceiu- 
acetate proceeds similarly, yielding 5-bydroxy-4-methylcoumarin-6-car' 
boxylic acid and 5-hydroxy-6-aoetyl-4-metbylcoumBrin respectively.*'* 
2,4-Dihydroxy-5-ethylbenzoic acid and its methyl ester yield 
6-hydroxy-4-methyl-8-ethylcoumarin-6-carboxylic acid or the methyl 
ester, respectively.** In an investigation ** of the reaction with di- and 
trihydroxyphenyl ketones, it was shown that orcacetophenone, 2,4-di- 
hydroxybenzophenone, 2-aoetylreBorcinol, or phloroacetophenone may 
also be converted to the corresponding 5-hydroxycoumarins by the same 
procedure. It was suggested that the formation of coumarins from the 
resorcinol derivatives investigated depends upon the reactivity in the 
2-pOBition in the resorcinol nucleus; the chelation between the acyl and 
the o-hydroxyl groups fixes the double bonds in the nucleus, the conden- 
sation then taking place at the S-position with subsequent ring closure 
to a 5-hydroxycoumarin. This type of addition is apparent in resarcto- 
phenone which condenses with acetoacetic ester by cross-esterification and 

■K. von Auwan uid W. Mum. Ann., 4Mi SM-111 (MSS); Bnt. Chem. Abi.-A, lOM (IKS) 

■B. M. BMhnn, N. M. Mid E. C. Shah, J. Chm. Soe., 128-91 (UU). 

• B. U, Bstbna uid B. C. Oiali, /. Ohm. Soe., MM-lOW (IM). 

■ N. M. lod B. a Bhdi. /, Chm. Boo.. 14U-I418 (IMS). 
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displacement of the 2-hydrogen to yield 5-hydroxy-6-acetyl-4-methyl 
coumarin, 


OH 



OH 


OH o 

I II 

CH*C :CH . C . OCaHs 
AlCli 


CffiCO 



No such ring closure is possible with gallacclophenonei 


OH 



borausc the 5-carbon, where ilie condensation might be expected to occur, 
is not reactive, since it is united by a single bond to a carbon atom bear- 
ing the hydroxyl group. 

Nitration with Nitrogen Peroxide 

Nitration of benzenoid compounds may be effected by treatment with 
nitrogen peroxide in the presence of aluminum chloride. According to 
Schaarschmidt,**® reaction proceeds with intermediate formation of a 
complex of the three components, which upon hydrolysis yields the 
moiio-nitrobenzcnoid and nitrous ocid. The nitrous acid decomposes into 
nitric acid and pure nitric oxide; the latter, after treatment with oxygen 
or air, is used for further charges. The most suitable molecular propor- 
tion of aluminum chloride, benzenoid compound, and nitrogen peroxide 
was found to be 0.66:3:1. A technical process has been worked out.®"^ 

It has been* recently reported ®® that the nitration of benzene or chloro- 
benzene with nitrogen peroxide may be effected at 0" in the presence of 
aluminum chloride, but that only impure products are secured in 
attempted reactions with nitrobenzene, benzoyl chloride, or p-nitro- 
toluene. 


Bchaanohmidt, Bor., 57, 2005-2072 (1024). A. Sch^orBohmiilt, H. BalrerkiBwioi, and J. Gonte, 
fiw;.. 50, 400-502 (1020). 

”A. Suhaanohmidt. Z. angmo, Chtm., 31, 1457-1400 (1020); (7. A., 21, jm. 

(llJ^A. I. Titov, /. Oen, Chem, (U. 3. 8. R.), 7, 501-504, 067-072 (1037); Bnt, Chem, Abi.-A, 531 



Chapter 15 

Aromatic Rearrangements and Migrations 

Rearrangement of the aubstituting groups in aromatic compounds is 
frequently facilitated by the use of anhydrous aluminum chloride. 
Nuclear bound alkyl may migrate in either an intramolecular or an inter- 
molecular manner. Acyl substituents may also rearrange to new posi- 
tions on the aromatic nucleus. The subject of halogen migration has 
received considerable study, and it has been concluded that halogen sub- 
stituents are set free as highly active nascent atoms, promoting a con- 
sequent wide range of possible reactions. 

The rearrangement of phenolic esters to hydroxy aromatic ketones 


COOR COR 



on 


is known as the Fries rearrangement. The mechanism of this reaction 
has been studied at some length with fairly general agreement that an 
intermolecular change is involved. There are several complicating fac- 
tors in some reactions of this type which are discussed in this chapter 
and the results summarised. 

Other rearrangements less widely studied include the formation of 
substituted phenols from alkyl phenyl ethers and the conversion of sym- 
acid chlorides of dicarboxylic acids into the lactone form. 

Migration of Nuclear Alkyl Groups 

The rearrangement of alkylated benzenes in the presence of aluminum 
chloride has been discussed in that section of this book which deals witli 
the effect of aluminum chloride on aromatic hydrocarbons.* Recently, 
the effect of different classes of substituents on the change of position 
brought about by aluminum chloride has been investigated.^ The chloro- 
substituent in toluene evidently does not hinder the migrating effect 
brought about by aluminum chloride; but under the conditions used to 
cause rearrangement of the chlorotoluenes, the isomeric nitrotoluenes and 
p-dimethylaminotoluene were not affected. Rearrangement of p-cresol 
was easily effected. 

That the hydroxy group does not have an inhibiting effect on migration 
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of alkyl groups had been previously demonstrated* in the transfer of 
alkyl groups from p-fcrf-bntylphrnol or p-Arrf-amylphenol to benzene 
upon heating a mixture of the phenol and benzene with aluminum 
chloride, yielding the respcclive alkylbenzcncs. 

Migration of methyl groups is often appareiiL during Fries rearrange- 
ment. Wandering of the methyl group usually takes place when the 
acetyl group migrates to the o-position and there are present alkyl groups 
in the 2- and 6-positions.® An ethyl group is more easily affected than a 
methyl group. When ethyl groups are present in both o- and p-positions, 
the o-group is eliminated, the displaced group wandering into the p-posi- 
tion to that originally occupied.'* That the ease of displacement is not a 
function of the number of carbon atoms in the alkyl chain is shown by 
the fact that the ethyl group is more readily displaced than the propyl.® 
A methyl group, forced to migrate by an acid rcBidiie can itself displace 
an ethyl group ®: 


o . CO . CH> on 



CfHa CUi 


According to Mayer and his co-workers J migration of a methyl group 
may occur during Scholl ring closure. Upon treatment of o-toluyl-of- 
naphthalene with aluminum chloride, the product is not the expected 
5-methylbenzanthrone, but the 6-isomer. 2-Methyl- 1-bcnzoylnaphth a- 
lene likewise gives 2-methylbpnzanthrone instead of the 4-iBomer upon 
ring closure. Baddar and Warren® report the synthesis of 2'-methyl- 
TTieso-benzanthrone from 3'-methyl-r??f.m-benzanthrone by heating the 
3'-isomer in an AlCla-NaCl melt for 2 \ hours. On the other hand, 
G-alkylbenzanthrones, e.g., 6-propylbenzanthrone, are converted into 
benzanthrone when heated with aluminum ehloride.® 


Migration of Nuclear-bound Acyl Groups 

meso-Anthraoyl alkyl ketones are converted into a- and ^-anthracyl 
alkyl ketones by the action of aluminum chloride at a raised temperature 
or in high concentration 


COCHi rOCHi 
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That the acyl group ia susceptible to migration is shown by the fact 
that cleavage of acyl groups during Fries rearrangement of polyhydroxy- 
phenols has been observed by Mauthner.^^ Thus methoxyhydroquinone 
diacetate, upon treatment \^itli aluminum chloride in nitrobenzene solu- 
tion, gives only a monoacylatcd product: 


0 . CO . CHi 
OCHs 


o.ro rnj 

Migration of the acyl group has been noted during aluminum chloride 
hydrolysis of acylated naphthol ethers.^^ When the ethyl ether of 
4-acetyJ-l-naphthol is heated with aluminum chloride in carbon disulfide, 
there is formed not only 4-acetyl-l-naphthol, but also 2,4-diacetyl-l-naph- 
thol. The aluminum chloride not only hydrolyzes the ether, but cracks 
off an acetyl group and reintroduces it, with formation of a diacylatcd 
product. Such a cleavage has also been noticed in the Fries rearrange- 
ment of a-naphthol esters, the rearranged product consisting not only of 
0 - and p-hydrox>" ketones but also of 2,4-diacyl derivatives of a-naph- 
thol.« 

That an acyl group attached to the oxygen atom of one phenol ma^ 
enter the nucleus of another phenol molecule has been demonstrated by 
von Auwers and Mauss,*^ who found that when p-tolyl acetate is heated 
with 2-m-xylyl methyl ether and aluminum chloride, the product con- 
sists of xylenol, cresol, 2-hydroxy-5-raethylacctQphenone, and 4-hydroxy- 
3,5-dimethylacetopbenone. 

Alkylation by Transfer of Alkyl Radicals from Benzene Homologs 

When alkylated aromatic hydrocarbons or their derivatives are heated 
with aluminum chloride, cleavage of alkyl groups may result * When 
such cleavage is effected in the presencje of another aromatic component, 
tranafer of the alkyl groups results. With diethylbenzenes reaction occurs 
substantially according to the equation: 




CiH4(CiHt). + CsH. 2C.H.C.H. 


Transfer of methyl groups proceeds less readily. With longer-chained 
alkyl groups cleavage, cracking, and transfer of the cracked fragment'' 
occur. 
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According to Boedtker and Halse,*® the reversibility of the Friedel- 
Crafts reaction is shown by the fact that when polyalkylated benzenes 
arc heated with benzene and aluminum chloride, monoalkyl derivatives 
arc formed. The following reactions were secured by heating the indi- 
cated reactants under reflux for about six hours: 


Initial 

Allcylatad benceno 

Bonseno 

(K) 

Aia, 

(g) 

Piuduot 

100 g m-xylene 

1000 

10 

Qu toluene 

100 g p-xylene 

1000 

10 

DO toluene 

85 g diethylbenzene 

850 

20 

70 g ethylbenzene 

65 g mixed polyisopropylbenzenes 

650 

15 

49 g isopropylbenzene 

22 g poly- ter ^-butylbcnzenes 

220 

5 

5 g tert-butylbenzene 

p-tert-dibutylbenzene 

50 

0.35 

6.5 g tert-butylbenzene 

mixed poly-tert-ELinylbcixzcnes 

110 

1 

3 g tert-amylbenzene 

150 g comm. 71 -isopropyltolueuc 

1000 

30 

52 g toluene 

75 g isopropylbenzene 

100 g 7 >-isopropyltoluene 

1000 

20 

41 g toluene 

85 g isopropylbenzene 


The demethylation of xylene, by boiling for two hours with 4 per cent 
of aluminum chloride a mixture of molecular amounts of benzene and 
xylene, has been attempted.^® There was secured 860 cc of material boil- 
ing below 140*^, but separation into 5° fractions showed no accumulation 
in the neighborhood of the boiling point of toluene. According to Orlov 
and Vaisfeld,” addition of benzene does not favor demethylation of xylene 
in the presence of aluminum chloride at the boiling point. Addition of 
trimethylbenzene leads to increased formation of products of high boiling 
point. 

The fact that transfer of alkyl groups from poly ethylated benzenes 
to benzene occurs upon treatment with aluminum chloride has been util- 
ized by Cline and Keid in the preparation of ethylbenzene in excellent 
yield. Reaction was effected by introducing, during two hours, 3 equiva- 
lents of ethylene into a mixture of 300 g of benzene, 100 g of higher 
ethylated benzene, 15 g of aluminum chloride, and the lowjer layer pre- 
viously secured from the ethylation of benzene with ethylene and alu- 
minum chloride. During the introduction of the olefin the temperature 
was held at 70-80°, and stirring was effected by a Witt stirrer running at 
11,000 r.p.m. Seven runs were made; averages for products obtained 
Were: recovered benzene 29 g, ethylbenzene 215 g, diethylbenzene 105 g, 
residue 39 g. 

Attempts have been made to methylate naphthalene by heating it 
with polymethylbenzene in the presence of aluminum chloride.^® Naph- 
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thalene, boiled with xylene in the presence of aluminum chloride, gave 
indefinite mixtures of various boiling points with no definite indication 
of methylation of the naphthalene at the expense of the xylene. 

According to Milligan and Reid,^" naphthalene may be readily 
ethylated by stirring it vigorously with polyethylbensenes and aluminum 
chloride at 80°. Propylation of naphthalene may be effected by stirring 
diisopropylbenzene with naphthalene at 90^ for 4^ hours.^^ 

The dealkylation of polycyclohexylbenzenes has been studied by Cur- 
son and Ipatieff.^^ Di-, tri-, and tetracyclohexylbenzenes were dcalky- 
lated to lower derivatives by the action of benzene in the presence of 
aluminum chloride. 1,4-Dicyclohexylbenzene and 1,3,5-tricyclohexylbcn- 
zene were thus converted to monocyclohexylbenzene. l,2,3;5-Tctracyclo- 
hcxylbenzene was dealkylatcd to monocyclohexylbenzene and 1,3,5-tri- 
cyclohexylbenzene. Nametkin and Pokrovskaya-^ report that reaction 
of cyclohexylbenzene with benzene and aluminum chloride yields 1,3- and 
li 4 -dicyclohexylbenzenc, as well as some 1 , 3 , 5 -tricyclohexylbenzene 
Since the latter compound was also formed by reaction of 1,4-dicyGlo- 
hexylbenzene with benzene and aluminum chloride, these investigators 
suggest that an isomerization occurs when the third cyclohexyl group 
enters the ring. 

Transfer of alkyl groups from alkylated phenols to benzene occurs 
when p-ier^-butyl, p-^ert-amyl, or 4- (1,1,3,3-tetramethylbutyl) phenol in 
treated with benzene and aluminum chloride. When 0.5 mole of p-tert- 
butylphenol, 0.66 mole of aluminum chloride, and 150 cc of benzene are 
refluxed for eight hours, a 70 per cent yield of ^er^butylbenzene is 
secured. Corresponding quantities of reactants were used in transfer of 
the tert-amyl group from phenol, but the reaction was effected by allow- 
ing the mixture to stand at room temperature for 12 hours. A 25 per 
cent yield of tcrt-amylbenzene is thus obtained. Similar treatment of 
4- (l,l;3;3-tetramethylbutyl) phenol results in cleavage and cracking r)f 
the octyl group, with subsequent addition of the C 4 segments to benzene. 
Reaction in the cold gives a 50 per cent yield of ^crt-butylbenzenc; by 
heating, a 70 per cent yield of the same compound is secured.^^ 


Halogen Migration 

von Dumreicher found that brumobenzene in the presence of alu- 
minum chloride undergoes reaction to yield benzene and dibromobenzene; 
a considerable quantity of unreacted bromobenzene and some tarry mate- 
rial were also obtained. 

Friedel and Crafts^ noted that transfer of chlorine occurs during 
methylation of o-dichlorobenzene. When a heated mixture of the halo- 
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genated benisene with 20 per cont af aluminum chloride was treated with 
a current of dry methyl cbloridr for about ten hourSi the chief products 
were found to be hexamethylbenKcnr and trirhloromesitylene. 

A similar phenomena was seen to orcur during treatment of p-di- 
bromobenzene with methyl chloride in the presence of aluminum chlo- 
ride.^’' Although the halogenated benzene was mainly converted into car- 
bonaceous material, there was also formed a mixture consisting of mono- 
bromobenzene, in- and p-dibromobenzenes, and two tribromobenzenes. 
Obviously the aluminum chloride tends to dehalogenate the p-dibromo- 
benzene to the monobromo- derivative, and the freed bromine then reacts 
with the monobromobenzone present to yield m-dibromobenzene and with 
the dehalogenated benzenes present to yield the tribromo- derivatives. 

In 1886, Roux found that, when a-bromonaphthalenc is heated with 
15-20 per cent of aluminum chloride at 44° for about an hour, the 
mixture blackens very much and )3-bromonaphthalene is formed, 
together with some tarry substances, a small amount of naphthalene, and 
dibromonaphthalones. a-ChloronaphthaIcne was found to be similarly 
effected. Under like conditions, iodine is set free from a-iodonaphtha- 
lene; conversion to the )9-isomer does not occur. When a mixture of 
a-bromonaphthalene and toluene was heated with aluminum chloride, 
naphthalene and a mixture of bromotoluenes was formed, and an analo- 
gous reaction was found to occur when toluene was replaced by benzene. 

Fisher and Clark have found that the conversion of a-bromonaph- 
thalene to the ^-isomer in the presence of aluminum chloride is increased 
by the addition of several metals, notably antimony, molybdenum, nickel, 
and tungsten. 

Lohfert*® observed halogen migration when preparing acetyl-1.2-di- 
hromonaphthalenc from 1,2-dibromonaphthalene and acetyl chloride in 
the presence of aluminum chloride. Only a small amount of the desired 
product was obtained, the products being mainly 1,4-dibromonaphthalene 
and 1,5-dibromonnphthaIene. It appears that the acetyl chloride gives 
off the hydrogen chloride required for the reaction; for a similar migra- 
tion can be obtained by passing hydrogen chloride into a boiling carbon 
disulfide solution of dibromonaphthalene and aluminum chloride. The 
product is usually 2,6-dibronionBphthalene, although the 1,6-isomcr is 
also formed in some cases. Some doubt was cast on these results by 
Zalkind and Stetzuro,®^ who stated that the 1 ,2-dibromonaphthalcne used 

Lohfert was actually a mixture of the 1,4- and 1,5-iBomers. 

Migration may also be observed when bromobenzene is heated with 
aluminum chloride.** Condensation and pyrogenic decomposition also 
occurs with the formation of carbon and bromine derivatives of naph- 
thalene, anthracene, etc. The migration of bromine can reach 83 per cent 
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if the benseno formed is remoived continuously by a current of hydrogen 
chloride or hydrogen. Phenol promotes migration, but secondary reac- 
tions complicate the process. Since aluminum chloride and aluminum 
bromide have no such effect on chlorobenzene and bromobenzeno, respec- 
tively, the authors conclude that, in order to avoid side-reactions in 
Friedel-Crafts condensations in which halogen derivatives of benzene 
are employed, chloro- derivatives of benzene must be used with aluminum 
chloride. 

Kohn and co-workers ^ have studied the migration of halogen from 
phenols to aromatic hydrocarbons in the presence of aluminum chloride. 
Thirty-five g of tribromophenol in benzene treated with aluminum chlo- 
ride or preferably aluminum chloride containing some ferric chloride gave 
20-24 g of bromobenzene and 2-5 g of phenol. Trichlorophcnol under the 
same conditions did not give any indication of halogen migration, wherpa.s 
p-bromophenol gave only a slight amount of bromobenzene.^* Replaeing 
the benzene with toluene at 100° gave phenol and m-bromotoluene, but 
at a temperature of 130-140° the yield of bromotoluene is markedly 
decreased. p-Bromophenol with toluene gives m-bromutoluenc ami 
phenol.*® From 35 g of tribromophenol and 90 g of toluene with 35 g of 
aluminum chloride for three hours on a water-bath there was secured 
40 g of practically pure m-bromotoluene and 8 g of phenol.*” 

Increasing the quantity of halogen in the phenol to tetra- or penta- 
bromophenols indicates that treatment with benzene and aluminum 
chloride will remove the ortho- and paro- bromine atoms, forming bromo- 
benzene and m-bromophenol.*^ With bromochlorophenols there is prefer- 
ential debromination. Thus 2,4-dichloro-3,5,6-tribromophenol reacts 
with aluminiun chloride and benzene forming 2 , 4 -dichloro- 3 , 5 -dibromo- 
phenol and bromobenzene;”® whereas 3 -chloro- 2 , 4 , 5 , 6 -tetrabromophenol 
may be debrominated to yield 3-chloro-5-bromophenol.”' 

Cresols behave like phenols in these migration tendencies. Tetra- 
bromo-o-cresol heated with benzene and aluminum chloride gives bromo- 
benzene and 4,6-dibromo-o-cresol. 3,5-Dibromo-o-hydroxybenzyl bro- 
mide with benzene and aluminum chloride gives not a normal Friedcl and 
Crafts reaction to a diphenylmethane derivative, but phenol and bromo- 
benzene.*” Tetrabromo-p-crcsol treated in a similar manner yields 2,6- 
dibromo-p-cresol. 2,3,5-Tribromo-p-creBol is debrominated completely 
to p-cresol, none of the expected o-bromocresol being formed. 3,5-Di- 
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bromo p-hydroxybenzyl bromide gives p-cresol, probably by way of the 
dibromodiphenylmethane derivative.**^ Tetrabromo-m-cresol on treat- 
ment with benzene and aluminum chloride forms 5-bromocresol.^^ Tctra- 
bromo-o-cresol yields 4j6-dibromo-o-cre8ol under similar treatment.**® 
Bis-(p-hydroxyphenyl)-dimethylmethanc gives a tetrabrorao- derivative 
which yields phenol and bromobenzcne on treatment with benzene and 
aluminum chloride. Tribroinoresorcinol also yields phenol and bromo- 
benzene under similar conditions.*^ 

In connection with this study of halogenated phenols it may be pointed 
out that Copisarow and Long,®^ in their study of halogen migration in 
dibromobenzene, attempted to fix the nascent halogen by substituting 
phenol for the benzene and obtained tribromophenol. There is no doubt 
that halogen migrations are equilibrium reactions if we compare the work 
of Copisarow and Long mentioned above with that of Kohn and Muller 

In the case of the repellant action in dihalogenated cyclohexane 
Nenitzescu and Curc&neanu obtained by the reaction of benzene and 
1,2-dihalogenatcd cyclohexane considerable 1,2-diphenylcyclohexane, a 
lesser quantity of the 1,3-isomer, a still smaller quantity of the 1,4-isomer, 
and also cyclohexylbenzene. Halogen substituents, therefore, may not 
repel another halogen to the farthest possible position. 

Halogen migration has been shown to occur with certain halogenated 
ketones, acids, and ethers. Oyclohexene adds acetyl chloride in the 
presence of aluminum chloride to form l-chloro-2-acetylcyclohcxane. 
Nenitzescu and Uav&t found that the phenyl group, when treated with 
benzene, does not enter the orf/io-position, but that 1-pheny 1-4-acetyl- 
cyclohexane is the final product. Under the influence of aluminum chlo- 
ride the chlorine atom has migrated from the 2- to the 4-position. In like 
manner cyclopcntene yields l-pheiiyl-3-acctylcyclopentanc by reaction 
with acetyl chloride and benzene. The keto-group present exerts the 
repelling action. 

2-Butene adds acetyl chloride, and this reacts with benzene to yield 
3-niethyl-4-phenylpentan-2-onc, No migration occurs. However, under 
the same conditions 1-butene yields 5-phenylhcxan-2-one. It appears 
that by the action of aluminum chloride the chlorine atom in the chain or 
the ring of a chlorinated ketone migrates to a position farthest from the 
carbonyl group; however, it cannot migrate to the end methyl group. Like 
conclusions arc drawn from tlic reactions of carboxylic acids and ethers. 

Migration and elimination of iodine occurs upon treatment of 1-iodo- 
24-dimethoxy benzene with aluminum chloride, the products being 1,5-di- 
iodo-2,4-dimethoxybenzeue and wi-dimethoxybenzene. Obviously migra- 
tion of iodine is more readily effected than alkoxy- cleavagc.*^’^ 
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Intennolecular migration of halogen renders it feasible to produce aro- 
matic dicarboxylic acid chlorides from the acid anhydrides and an organic 
halide in the jnesenoe of aluminum chloride. Mares produced phthaloyl 
chloride by the reaction of phthalic anhydride and carbon tetrachloride.*'* 
Benzoyl trichloride, or its homologs or substitution products, may be simi- 
larly used as the chlorinating agent.** Halogen exchange is used in the 
preparation of halogen-containing vat dyes of the dibenzantbrone serieb. 
The catalyst acts as the halogenating agent if no organic halide i& 
present.** It may be concluded from the reactions of halogenated hydro- 
carbons that: 

1. Chlorine atoms are more firmly attached to the ring than bro- 
mine atoms. 

2. Halogen substituents are set free as nascent atoms which arr 
very reactive and thus account fur the anomalous behavior of 
halogenated hydrocarbons. 

3. The influence of a hydroxy-group is to loosen the halogeu-to-rmg 
bond of bromine atoms ortho- and para- to the hydroxy group, 
permitting them to become nascent and thus accounting for then 
entering a different position. 

4. Halogen atoms may shift their position on the ring during ilie 
Friedel-Crafts reaction to a position farther removed from any 
other negative groups present. The repulsing action of halogen 
is less than that of carbonyl and ether groups. 

Frias Rearrangement * 

The rearrangement of phenolic esters to hydroxy- aromatic ketones 
by means of aluminum chloride 


COB 



was first noted by Fries and Finck.** 

Rosenmimd and Schnurr** have made an extensive study of tliis 
reaction. When 10 g of phenyl benzoate and 8 g of aluminum chloride 
were heated together for 15 minutes at 140°, a quantitative yield of 
p-hydroxybenzophenone was obtained. The amount of aluminum chlo- 
ride used was sli^tly in excess of molecular proportions. 

Although aluminum chloride is the most effective catalyst in carrying 
out Fries rearrangements, anhydrous ferric chloride and especially zinc 
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rhloride are only slightly less efficient.®* According to Sekera,*® other 
catalysts than aluminum chloride are less effective in this rearrangement. 

There has been some difference of opinion regarding the mechanism 
of this reaction. 

Fries,*® Witt,®® and von Auwers considered the reaction to be intra- 
molecular. 

Skraup and Poller®® suggested the intermediate formation of acetyl 
rhloride in the preparation of o-acetyl-m-cresol from m-tolyl acetate 
through decomposition of the ester by the zinc chloride which they used 
as catalyst and its subsequent reaction with the cresol to form the ketone. 

If the reaction is not a molecular rearrangement, but a saponification 
and resubstitution, von Auwers and Mauss ®® postulated that a mixture 
of phenyl acetate and p-tolyl chloroacetate with aluminum chloride 
slinuld give six different ketones, the o-acetyl- and o-chloroacetyl deriva* 
lives of phenol and cresol, as well as p-acetyl- and p-chloroacetylphenol, 
whereas molecular rearrangement should produce only o- and p-acetyl- 
phenyl and 4,2-methylchloroacctylphenol. The actual product of the 
reaction was o-acetylphenol. 

The Fries reaction has been contrasted ®® with Friedcl-Crafts acyla- 
tion of phenols. Since the Friedel-Crafts reaction on most phenols 
in the preparation of aromatic hydroxy- ketones generally gives the 
p-acyl phenols®^ and, with a few phenol ethers of certain structure, 
tlic mefo derivatives, and since in the Fries reaction only ortho- or para- 
iind never Tneta-acyl phenols are produced, the Fries reaction was con- 
sidered to take place within the molecule. 

Rosenmund and Schnurr®* considered the Fries reaction from two 
viewpoints — as a true Friedel-Crafts reaction or as the intramolecular 
change suggested by von Auwers. They found that when a mixture of 
o-chloro-p-tolyl acetate and p-tolyl benzoate is treated with aluminum 
chloride, four products are obtained — ^not only 2-hydroxy-3-chloro-6- 
methylacetophenone and 2-hydroxy-6-methylbenzophenone, but also 
2 - hydroxy-3 - chloro - 5 -methylbenzophenone and 2-hydro3^-5-methyl- 
Bcetophenone. A strictly intramolecular reaction should give only the 
first two compounds. On the other hand, when the mechanism of the 
Fries change has been interpreted as involving two molecules of the ester 
it thus resembles the Friedel-Crafts reaction where acetic acid is the 
acetylating agent. 


Hdii' Chem. WUkhlad, 1, 458-461 (1004), /. 

w JL* Q* SVaiu. IOMmSm MtmtM AmA. MeL. 27. U-BI 


/. Chm. Boe. Abt., M a). (H (1«M). O. 
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This conclusion that the Fries reaction is bimolecular in type has hern 
questioned by von Auwers Wlien mixtures of phenol esters of iliffcrenl 
acids arc submitted to Fries conditions, exchange of acyl groups fre- 
quently takes place, the course of the reaction being determined by the 
nature of the substances concerned (the benzoyl and chloroacetyl groups 
are more firmly attached to oxygen than is the acetyl group) . When a 
mixture of 2-hydroxyme8ityl methyl ether and p-tolyl chloroacetate was 
heated with aluminum chloride, the two free phenols, chloroacetic acid, 
and unchanged ether were the sole products. Had Rosenmund substitu- 
tion occurred, ketones derived from the ethers should have been formed 
The reciprocal change of acyl groups was further shown when the acetate 
of 2-hy^oxymesitylene and 3-chlorn-p-tolyl benzoate with aluminum 
chloride gave free phenols, 3-chloro-2-hydroxy-5-methylacetophenone, the 
corresponding -benzophenone, and the benzoate of 2-hydroxymesitylene 
It is thus concluded by von Auwers that the Fries transformation an 
intra- and not an intermolecular change. 

The experimental work of Cox** supports the conclusion that tlic 
Fries reaction is not intramolecular. When phenolic esters arc acted upon 
by anhydrous aluminum chloride in the presence of an acceptor, as 
diphenyl ether, the free acid chlorides are produced as intermcdiatc.s 
which are then introduced into the acceptor, giving ketones Skraup and 
Poller** had previously proposed this mechanism with zinc chloride as 
catalyst. If an intramolecular change took place it should be possible tn 
isolate the intermediate formed; the failure to identify such a product 
and the work of Rosenmund and Schnurr*^ are contrarv to the intra- 
molecular reaction theory. 

There is no change of free radicals since a catalyst is necessary for 
the transformation. This is borne out by the fact that, although Rkraup 
and Beng“ obtained very low yields of ketones by pyrolysis of ‘special 
phenyl esters such as phenyl )9,)8-dimcthylacrylnte, in the presence of zinc 
chloride and halogen acids lower temperatures are permitted and higher 
yields of ketones may thus be obtained. 

The case for intermolecular mechanism is again brought out in several 
reported instances of heterogeneous migration of bijihenyl esters Blichc 
and Weinkauff** have seemed 4-hydroxy-4'-bcnzoylbiphenyI (I) hv 
heating the benzoate of 4-hydroxybiphenyl in tctrachloroethanc solu- 
tion for one hour at 140®. Using the same amount of reactants and the 
same reaction conditions, Hey and Jackson secured 3-bcnzoyl-4- 
hydroxybipbenyl fll) together with some 4-hydroxybiphenyl (HI) I" 
carbon disulfide solution, Fieser and Bradsher,** however, obtained the 
same product as that reported by Blicke and Weinkauff. 

«B. a. OoB, /. Atn Chtm. Soe., O, tU-lH (106); BnC, Chm. Abi.-A, 644 (106) . 

•48. Bkiwip uul K. PoU«r, im Koto 68. 

■8. 8krMip nd V. Bmg., Btr.. 66, 646-10 (160); C A., ». SlU 

••r. P. BUdia and O. 3. WnnkauS, /. Am. Chtm. Boc., 96, 666-IM (1616); C. A., 66, 661. 

"D. H. Bar and S. R. B. Jaakaun, / Chem. See., 866-80 (180); C. A.. ». 6664. 

•L. V. Aaaw aad C. K. Bradahar, 3. Am. Chm. Boe., 96, 68IT-6888 (180); C. A., 61, **6. 
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CO-CaHi 
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(I) 



COCeTIa 


OH 


(II) 



OH 


(III) 


In the rearrangement of the acetate of 4-hydroxybiphenyl in carbon 
disulfide; Bradsher had previously found that the acetyl group migrates 
to both the ortho and the para positions, the products obtained being 
4-hydroxy-4'-acetylbiphenyl (IV) and 3- acety 1-4-hydroxy biphenyl (V) : 


COCUi 



OH 


(IV) 



COCIla 


OH 


(V) 


The work on biphenyl esters cited above illustrates the perversity of 
Fries rearrangements and also confirms a mechanism involving cleavage 
of ester to the free phenol and subsequent acylation of the phenol in 
another nucleus, indicating again that the Fries reaction is not a true 
rearrangement. but an intermolccular acylation. 

The absence of the Fries rearrangement in the case of 5-acetoxy-2- 
inethyl-3-acetylchromone and of 7-acetoxy-2-methyl-3-acetylchromone 
has been attributed by Kelkar and Limaye to the retarding influence of 
the acyl group in the 3-position, since chromones without the acyl group 
in position 3 rearrange normally. Because of this inhibiting effect Fries 
rearrangement docs not take place and only hydrolysis results. 

2,4,6-Trichlorophenyl acetate was found to give no ketone even when 
heated for four hours at 130-140° in the presence of excess aluminum 
chloride. This may be caused by blocking of the ortho and para position 
hy the immobile chlorine atoms. 

von Auwers and co-workers have studied the migration of the alkyl 
groups during Fries rearrangements. 

The conversion of phenolic acetates into o- and p-hydroxyacetyl- 


“g- R. KnUour .Ad D. B. Limmye, Raavanam, 1, W-M (IWB); C. 2. 1937 I, 2608. 

Mg tu^' H. BimdMmiuiii, u>d F. Wmimr., Ann.. 447, Ig2-1H dlM); Bnt. 

K? V aJLJE: •«* W. M.UH, dim., 440, *40-2n (»^)i 

.'fid jk IM MUI. dim., 03. 14-U (IBO); C. d., JS, •». K. v. Auirin mhI W. Mwia, 

' «. UH-UO CUiDi C. d. . SSl. 
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phenones by heating with aluminum chloride is aooompaniedi in the case 
of certain polyalkyl phenoU; by migration of an alkyl group. This 
migration takes place only when the acetyl group migrates to the o-posi- 
tion, and then only when the 2- and 5- and 3,6-pOBitionB are occupied by 
alkyl. The position next to the ketone group remains unoccupied in the 
final produoL 

Direction of the keto migration to the ortho- position is favored by 
meta-alkyl groups. The ethyl group is more easily shifted than the methyl 
group, as is shown by the fact that the ethyl group rather than the methyl 
group is shifted when both occupy ortho- positions. The ethyl group 
usually migrates to the para- position relative to the position it originally 
occupied. No shifting of the ortho-ethyl group occurs when the koto 
group enters the para- position. When forced to migrate, the methyl 
group may displace an ethyl group. The ease of migration of different 
groups is in the order ethyl > propyl > methyl. 

Migration of the acyl group to the para- position is favored by mild 
conditions, and to the ortho- position by drastic conditions. The rate o\ 
migration is increased by raising the temperature. For example Rosen- 
mund and Schnurr ^ found that in the cold one day was necessary foi 
thymyl acetate to change to the ketone, whereas at 60° the reaction in- 
complete in ten minutes. Aromatic acyl radicals migrate with much 
rapidity, as is shown in the reaction of thymyl benzoate and carvacryl 
benzoate. The rates of migration into the para- position of some acyl 
radicals in the case of thymol esters is given as acetyl, propionyl > 
phenylacetyl, phenylpropionyl, )9-i)henylacrylyl > benzoyl. Migration of 
acyl groups to the ortho- position is more rapid when the para- position 
is blocked. 

Ring closure occurs in some instances during Fries reactions, with 
production of coumaranones and hydrindones. p-Tolyl a-bromo-a-ethyl- 
butyrate produces a mixture of 2,6-dimethyl -3-ethyl coumaranone and 
2-ethyl-3,4-dimethyl-7-hydroxyhydrindone as follows: 


OO-O-CHjCHi 

II I 


O GiUf 


AlCli 


0 Br 


CHi 


C-O— CHr-CHi 


XX 

\/\ CiHi 
OH 



"K. V. Amrtrt, Ann., lU-m (IIM); /. Chmn. Sm. Abt., tM ( 1 ), IM 
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and p-tolyl a-ethylwotonate yielda 7-liydroxy-3,4-dimcthyl-2-ethyl 
hydrindone: 


CHi Clla CHi 



O II H II 


In studying the formation of hydroxy hydrindones by the reaction of 
p-tolyl ar-bromopropionate and aluminum chloride von Auwers^* states 
that it is probable that p-crcsyl vinyl ketone is formed as an intermediate 
product. His reaction would go as follows to produce the hydrindone: 


CHi 



O-OC-CIli 

II I 

I) 11 


CHi 



CHi 


CHi 



II 


H 


When phenyl j8,/9-dimcthacrylate was heated with aluminum chloride, 
von Auwers and Mauss ^ ^ obtained o-hydroxy-3,3-dimethylhydrmdone; 


O OH 



o 


The formation of 4,6-benzocoumaranone-(3) from j3-naphthyl chloro 
i^-cetate involves Fries rearrangement and subsequent ring-closure^^; 



coriii . ri 


V (Wll); /. Chefn^or Ahs,, 102 (1). 107 (1012). 
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Fries rearrangement may be accompanied by Scholl intramolecular ring- 
closure^®: 



Although a true Fries rearrangement cannot take place with the 
diphenyl esters of phtlialic and naphthalic acids because of the proximity 
of the — COOAr groups on the nucleus, rearrangement and ring closure 
take place. Diphenyl phthalate is converted to l-hydroxyanthraquinonc 
(23-33 per cent) and phenolphthalein (63 per cent) ;''® 

r 



o 

II 


c 



OH OH 


similarly phenyl 2-(p-methoxybenzoyl)benzoate is changed, practically 


o 

II 

c 





OH OH 


"Oenniui P. 4W,H5, Oanuii P. <51,180, Brituh P. 5<8,T91 to I. O. P»rt>«tadiirtttoi C. S., 

n. 880. 

"" F« F. Blicke and 0. J. Wrtnkauff, J. Am. Chem. Mi 810-884 (tOBI). 


quantitatively, into phenolphthalein: 


o 
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Diphenyl naphthalate gave a 40 per cent yield of phenolnaphthalein.''^ 



UH OH 


The following table illuBtrates Fries rearrangetnents. 

Table 33 


iToxt cant’d on p. 700) 


Ketono 

% Yield 

Ester 

Ref. 

o-Acetylphcnol 

30 

phenyl areiate 

10,23, 

84,85 

ii-Acetylphenol 


phenyl acetaie 

34,85 

0 - Hydroxy- tt- ohl oroBcetoph enone 

60 

phenyl chloroaretatc 

85 

p - Hydroxy- o- ohloroaoetoph enone 


phenyl ohloroarctate 

85 

o-Froplonylphenol 

82-86 

phmyl propionate 

88 

p-Propionylphenol 

46-60 

phenyl propionate 


0 - n - Butsnylphen ol 

00 

phenyl n -butyrate 


o-n-Heioylphiniol 

60 

phenyl n-hexoaie 


o-n-Hrptoylphcnol 

68 

phenyl n-heptoate 


P-Lauroylphonol 


phmyl laurate 

00 

P-Btearoylphenol 


phenyl etearate 

00 

» -Hy droxy-8 ,8- d im elky Ihy drin dnno 


phrnyl P.P-ilimrthnoiylato 

8 

0 - lly droxybeniophenono 

20 

plipiiyl beneoato 

31 

P-IlydroxybenxophBnone 

100 

phenyl bonsoate 

0,25 

P-Acetyl.p-croaol 

26 

o-tolyl acetate 

0,10 

3-ft-Butyryl - 0 - nrwol 

00 

o-tolyl n -butyrate 

30 

fi-n-Butyryl-o-orool 

80 

o-tolyl n- butyrate 

30 

p-lHobutyryl-o-oraol 


o-tolyl isobut 3 rrat« 

47 

B-n-Vsleryl.o.orma] 

40 

o-tolyl Ti-vnlernte 

80 

fi-n- Yaleryl -o-oreaol 

80 

o-tolyl n -valerate 

80 

3-n -Hoioyl - o-creaol 

00 

o-tolyl Ti-lii'Ximle 

30 

3-n.HBxoyl-o-orwol 

25 

o-tfdyl ti-hex»ato 

80 

2 d - M ethylbaoa oy 1 oreaol 

01 

o-tolyl benBonte 

24 

4-ADetyl-m.oreBol 


m-tolyl acetate 

6,10 

6-Accty|-m-orwMd 


m-tolyl acetate 

0,10, 



13,14 


60 

7n-to1yl ohlorDBCctate 

1 

* -l^ropioityi^.Qr^ 

10 

m-tolyl propionate 

4 


07-03 

m-tolyl propionate 

4 

^-Butyryl-m-oraaol 

8.2 

m-tolyl butyrate 

4,30 

^-ButyryUm-oTMcd 

00-75.88 

m-tolyl butsrrate 

4,80 



m-tnlyl a-bromoisobutyrate 

89 


"F. f. Bi*, unii FlfctiUki, /. Avt. Chm. Soc., 6g, &B3-UW (1«8). 
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Tabla 2Rr^0mUinuBA) 



%YWd 

Ector 

S-Hydmy-liTMUiiMtlisrlliydrind 


m-tolyl a-bTomaieobutymto 

••VUtiyl-iti-eratol 

07-80,85 

«i-tblyl volante 

6-H«Qyl-M-oriKil 

02-01,01 

in-tolyl hmonte 

0-Bi|ito7l-n-Dn>fll 

07-71.04 

m-tolyl beptoote 

O-Nonoyl-mHireKil 

78 

m-tolyl pelargonata 

DBMthyl-BfV-dihjrdroiydiplMByl- 

H Ifcifaih— i>a 


di-(m-tolyl) adipate 

B,0-MethyilMBMjlQraMl 

80-100 

m-tolyl benioate 

8,4-Metliyllmosrlmnl 

82 

m-tolyl benioaie 

p-Crtiyt a-mathyl Mom 


p-tolyl aisetate 

io-Obloro-S-liydros 7 «B-in«Uiyl Mwto- 

00 

p-tolyl ohloroocetete 

7-Hyilraaty-4-m8tby1-l-hydrindaiia 

40-80 

p-tolyl a-bromopropionate 

T-HydnHy-l,4-diiiMtliyl-l'hydriii- 

doDs 


p-tolyl a-brnmobutyrate 

7-Hydrfny-S,4-diai«thyl- 1 -hydrin- 
dona 

40-50 

p tcd>l a-bromouobutyrate 

lid-Dimatliyl-T-liydniiyhydnndonii 


p-lobl crntOTicto 

1,1-Dmiithyl -8 - othyleoumaranon e 

48 

p-ttil>l a-brnmo a-rihylbui^iaic 

T-Hydroxy-lfi-dimethyl-l-etb > 1 
hydrindona 


P-Lli 1>1 o-bromo-B-ethylbutyrate 

7-Hydrazy-B,4-diinethyl-3-eth\ 1 
hydrmdone 


p-t<ilvl a-ethylnrotonate 

4,2-MatliyllMDWlorafcil 

04-100 

p-tulyl benroate 

B-Ethyl -4-aoatylphflnol 

SO 

m-ethylphenyl acetate 

B-Sthyl -0 -Motylphenol 


m-ethylphenyl acetate 

3- Aoalyl -SpB-dimethylph BD ol 


3,5-diniethylplienvl acetate 

JfB-Dlacetyl-BfB-dimethylpheriiil 

Bfimll 

a,8-dimetliylphniyl acetale 

0- Ar«i> 1 -3,4-dnnathylpheiiDl 


a,4-diinethylpliflnyl aci^tate 

0- Aeety] -Bt4-diineUiylpheniil 


a.4-diinethylphniyl acetate 

0-lBobiiiylryl-3,4-diniethylpliriiiil 

70 

2.4-dimethylphenyl uobutyrate 

u-Chloro-3-hydrosy-S,5-dii]ii-ili\ 1 

•cetopbonona 


lylyl ohlorooeetate 

6-Aoa4yl-9,4-diniathylphanol 


8.8»dimethy1phenyl acetate 

O-Aeotyl'M-dfanathylphanol 


2,3-diniethylphenyl oretate 

l-Aoa4yl-2,0-d]inatbylph«nDl 


2,0-dlmethylphenvl acetate 

a»5-Dmiothyl-4-propUinylphenfil 


2,0-dioiethylphen> 1 pi opionate 

BpO-Dimethyl-B-butyrylphenol 


2,0-flimethylpheiiyl butyrate 

2,O-l>ini0thyl«4-hq>taylpheiinl 


2,0-diiiiethylpbeiiyl hepioate 

2,B-]>fan0ihyl-4-dodecylph enol 


2,0-dunethylphsiiyl dodeooate 

aA-Dhnoihyl-B-bflDioylphcnol 


2,0-diniethylphenyl benioate 

0-Aeety1-4-niaUiyl-2-athylphennl 


4-Jtirthvl-2-ethylphnivl acetate 

6* Aoetyl -4 -methyl -a-moibylphenol 


8-inethyl-2-ethylphniyl acetate 

4-Aflatyl-2-inathyl-6-ethylphttol 


2-m»thyl-6-ethylphenyl aoetate 

B-Aeatyl-a-mathyl-i-ethylphanol 


a-metbyl-B-etbylphenyl acetate 

2- Acetyl -B,B*dletbylphaiol 


B,8-diethylphenyl acetate 

4-Hydro«y-l-niathyI-B-ia*^»ropyl- 

OMrttoplieiiooa 


thyioyl acetate 

i-Hy^^-B-mothyl -B-iupropyl- 


thymyl benioate 

4-BydraKy«2fnisUiyl-2-liopropyl^ 

babaoplimim 


enrveoryl bmeoete 

B-AiOttyl-i«4|B-triinatliylitaMl 


8,4i.8-trlmetliylphepyl oeetate 


lUf 

N 

4,80 

4,10 

4,30 

4 

10 

8,24 

0,34 

14 

1 

17 


17 

43 

30 

39 

30 

0 24 

32 

32 
7,sa 

33 
7 

7,13 

47 

1 
7 

n 

13 

10 

16 

16 

16 

10 

7 

7 

15 

15 

13 

0 

0 

0 

7 
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Table dl^—(Conii7vu^d) 



% Yield 

Ester 

Kef. 

e - Acetyl -2 A t-trimeUiylphaiol 


2,3,4- trimethylphenyl aioetato 

7 

S-Acetyl-lil^-trimcthylplmol 


2,4,6-trunethylphenyl acetate 

7 

S-Aoetyl-SpSti-trimethylphnol 


2, 8, 5- trimethylphenyl acetate 

7 

6-AQetyl-2,a,4-trimBthylphHiiol 


2,4,6-trimethylpliimyl Boetete 

7 

2<Acctyl-4,5-dtinet1iyl-6-ethylphenol 


2,4-diinpthyl-6-etliylpheDyl acetate 

16 

0 -Acetyl - 2,4 -dimethyl -2 - ethylphenol 


2,4-diinBthyl-e-ethylphenyl acetate 

15 

2,4 -Dimethyl- 5 - ethyl - 6 - aoetylphenol 


2,4-diiEiethyl-5-Bthylphcnyl acetate 

16 

2,4-Dimethyl -8 -ethyl -6-aoetylpli cn nl 
4-Hydroacy-8,6-dimethylphenBoyl 


2,4-dinii;thy|-5-pthylphBnyl aoetate 

15 

cliloride 


2,e-dunpthyl-4-ethylphBiiyl ohluroacctate 

13 

0- Aril ty 1 - 2-inethyl - 3,4- diethylph ennl 


2-methyl-4,6-diethylplienyl acetate 

15 

b-Acptyl-8,8,4-triethylphenol 


2,4,6-triothylphBnyl acetate 

15 

4-ADct3'lcaicchol 

U 

catechol diacetatc and exceBC cateclinl 

26 

4 ■ClilDTuonetylciLteGhol 

60 

catechol moniTchlnroacetate 

26 

1 - J'ropionyloatech ol 

80 

catecliol dipropioiiDtp 

26 

4-l)uLyrylcatechol 

70 

catechol dibutyratc ami excess catpclujl 

26 

t-n-Amylcatechol 

50 

Ditcchol di-n-valerate 

27 

4-TfioBniylcatechol 

60 

catechol diieovBlerate 

27 

laOBmyloatechol 

40 

catechol diiaovaleiatc 

26 

4 -n- Caproylontech ol 

72 

catechol di-n-hexoate 

27 

4-Jaacaproyleatecliol 

60 

catechol diianhexoate 

27 

4-71 -CaprylylcatHcliol 

60 

ratrchol di-n-DCtaiiuate 

27 

4 - Hmioy Icateoh ol 

100 

I'atechol dibenzoate 

26 

4-ArptylcBteoliDl 

30 

Kuniacol acBtaie 

26 

4-Pi ciylunylcalecliol 

51:76 

yuaiacol propionate 

27 

2i3-l)iliydrozyphenyl ethyl krtone 
4-Hydrojiy-8-metlioxypheiiyl ethyl 

KHtldlB 

4-Uydro*y-8-methoxyphBnyl n- 
Propyl kotooe 


Kuaiaool propionate 

Buniacnl propionate 

27 

29,30 


guaiacol n- butyrate 

29,80 

4-n-ButyryleBteohol 

23-62 

guaiacol n-butjo’ate 

27,28 

1 ‘ Arnyleateohol 


guaiaool n -valerate 

28.80 

2,3-Diliydroayphenyl iaobutyl ketone 


guaiacol isovalcrate 

87 

4 - In oamyl oateoh ol 


Htiaiacol ieovalerate 

28 

2.8-Uihydro*yphBnyI n-heptyl ketone 


guaiacol n-oaproate 

27 

4-n-Caproyloateohol 

* ket^M*^ *”®**^“^**^*'^* n-amyl 

30-47 

guaiacol n-caproatc 

guaiacol n-oaproaie 

27.28.80 

39.80 

2i3-DihydrDxyphenyl iaoamyl ketone 


guaiacol iaocaproate 

27 

4-lRocaproylcatoohol 


guaiacol iaocaproate 

28 

^-«-lIeptoylootecIiol 

8-17 

guaiacol n-heptoato 

27,28 

4“(JapryIyioaUiohol 


guaiacol caprylate 

28 

2.8-DiBeetyloreuiol 


orcinol diacetate 

00 

Q'liottcetophttnme 

^«»»PropionylphenMie 

64 

hydroquinonn diaoctate aud hydruquinuiiu 

26 

61 

hydroquinouo dipropionate and hydro- 


McUiyi 4-propi(,oyl^j^^ 


quin one 

propionate of metlivl aalioylate 

86 

a 

Methyl 4-butyiyUniioj.i^t, 

ethyl ^-iiohatylyliiJi^late 


butyrate of'mathyl salicylate 

8 


ieooaproata of methyl ealipylate 

8 


caproate of metliyl ■alieylate 

8 

12 

If 

paeudooumohydroquinone diaoetate 

ff 
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Tftble S^(Conitnved) 


Kotooe % Yield 

1 ,2.4-Trimethyl -S-aoelyl -S,6- dihy - 

drosybensena 

8.5,7pS-T0trfunBthyl-0-M»tvlohraii)onD 
d-Bensoylresorainol 
a,4,e-Trib«Moyl- 1,3-reBOi oinol 
1 -HydniKyanthiaquinonD 

3 - (4^-Hy droiybBMoyl ) -4'-hydroay - 

beneophenone 

4- (4*-Hydro«yboiieoyl)-4'-liydr(ay- 
bnieophenoiie 

Ti ibentoylphlorogluBinol 
4 -Hydroxy -S-aoetylbiphenyl 
4-Hydroxy- 4'-BCety1 biphenyl 
l-Hydroxy -3>benioylbiphenyl 

4- Hj droxy-4'-bBn«oylbiphpiijfl 

6- Aootyl-3-hydrDxybiphenj I 

5- Propinnyl-S-liydroxvbiplii'ii> 1 
8-fi-Caproyl’3-hydroxybipliCD^ 1 
p - Hy droKyxoe tonxphthctne 

o-Hy droxyBcetonxpb tliuiie 


2y4-OiBcet> 1- 1 -nophtlioL 
1 -Hydroxy- 4 -propionylnaph t hn1 ene 
l-Hydroxy-2-propiDiiylnBphlJialBne 

2,4 -Dibutyryl - a-naphtli (A 
o- Propiony 1 - a-naph th ol 
p- Propionyl- a-uaphthol 
2,4-DiprQpioiiyl- a-OAphUiul 
o-\ xleiyl -a-n&phthol 
p- Vxleryl-a-iiaphtbol 
p-Hydroxynaphthyl benzyl ketone 

0- Hydroxynophthyl beoiyl kelxmo 

1- Aoetyl -2-iiaphtbol 
l-AoetyI-2-hydroKylluorDiie or 


Eiter 


Ref 

40 


2 » 3 -Dih 3 rdroxy '1 ,5-dibeiu<iyliiapli - 
thxlene 

B- BrolDO- 8 -hydi oxyacetoplienono 
B-Brnmo-S-hydnaypropJopheDone 
B-Bromo-J-hydroxybutyroplienoDe 
B-Bromo-a-hydroxyvalerophuioiie 
5 - Broano -2-hydroxy oapropbenone 
2-Fropuiiiyl-4-chloropheiiol 
a-Butyryl-4-olilorophenDl 
4-Butyiyl -2-ohhNrDpheiiol 
0 -lBolnityiyUp«nlilorop]ienol 
2 -ValeiyM-oiikiroplieiial 
2-(a-M«tliyl bu4yryl)«4-chloroipb«Diil 


42 

ptfeudocumoliydroquinoDe dieoetale 

86 

20 

pHeudooutnohydrDquinoiie diaoeiate 

36 


rceorcinyl dibeneoate 

48 


rnsoreinyl dibenaoate 

4S 

28-33 

diphenyl phihalate 

25 


diphen>l uophtlielate 

37 


diplienvl teiDphUifdate 

37 

80 

pblornglucmol tribenzoalp 

26 


4-ttoetox>biphrnyl 

0,22 

4 

4-ai etozybiphenjl 

22 


4 -bmr oyl oxybiph Dn\ 1 

0,20 

22 

4-hPllZo>l^A>blpbp||^ 1 

0 21 


ri-xpnyl aretate 

61 


o-xru\l prnpioiiati 

61 


M-x«i>l n-cupioate 

61 

42-46 

5 

cr-iittl»bLb>l acilale 

2 40 
12 

lB-18 

61 

50 

a-HApUtliyl nceiale 

2 

12 

40 

eniull 

4 

e-naphih\l ateiuli 

40 

12 

32-36 

a 

o-nnpbth>l bulyraU 

2 

12 

20-23 

65 

a-naphtli>l bul>raie 

2 

12 

2 

a-napbthyl buUrale 

12 

54 

a-iittphth>1 propirinatr 

12 

0 

a-iiaphtliyl propionate 

12 

2 

o-napbtbyl prupiuiiatc 

12 

40 

a-napbtbyl valerate 

12 

2 

a-napbthyl valeratu 

12 

04-37 

a-naph tli>l phcnaoelate 

2 

14 

a-naphthyl plienaoetaie 

2 

40 

^-naphthyl acetate 

40 


2-BOetylfluorenD ur -fluorenone 

58 


nHphiha]ene-8,e-dibGneoate 

10 


4-brDinophenyl acetate 

5 


4-biaaiopbeDyl propionate 

5 


4-broinDphen3d butyrate 

5 


4-brofnoplimyl valerate 

6 

R 


p-biomophenyl eaproate 
4-ehlorophniyl propiQuute 
B-ohlorophenyl butyrate 
2-cliloropbeiiyl butyrate 
p-ohlorophenyl ieobutyrate 
4-ohiorophenyl valerate 
4-Bhloroidieoyl''fl*iiMtbyl butyrate 


11 41) <1 

11.40 SI 

11.40 
47 

11 40 

11.40 



AROMATIC RBARRANOEMENTS AND MIGRATIONS 

707 


Table 2&^(Conlinued) 


Keton« 

%Ykad 

Enter 

Ref. 

2 -OBproyl -4-chlorophmol 


4-elilurophenyl oaproate 

11,48 

2 -Hoptoyl -4 - obJ oropheiial 


4-clilorapheDyl heptanoate 

11,48 

2-CBpiylyl-4-4diloropJifiiiol 


4-o)ili>rophBDyl caprylate 

11,48 

3.Chloro-4-liydrosy-5-inethylpheiUkcy1 

ohloride 

8-chloro-o-tolyl ohloroacetate 

18 

A cetyl-4 -hy droxyphenylooetonitrilB 

79 

4 - IIP etoxybenzyl cy anid e 

58 

4 - Br oino-2- acetyloaphthol 


4-lirninonaphthyl acetate 

41 

4- Dill t>rp-2-a cetyl - 1 -napli th ol 


4-rhlorD-a-naphthyl Boetate 

41 

4-Clilorp-2-propioiiyl-l-nBplithol 


4-chloro-a-naphthyl propionate 

41 

2 , 4 -Dih y druxy 6 - acetyl diph cnyl - 
luethBiiB 


diphenylinethnne-2,4-diaoetato+2,4-diliy- 
droxydiphBDy'lni ethane 

54 

2,4-DihydrDxy-S-prnpionyldiphonyl- 

luethano 


diphPiiylinethane-2,4-dipropionate+2,4-di- 

hydroxydiphniylmethane 

64 

2,4-Dihyflroxy-5-hutyryIdipliCTiyl- 
in ethane 


iliphrnyljnpthBnp-2,4-dibiityrate+2,4-di- 

fiydroxyiliphcnyliupthane 

54 

2,4-DiLydrnxy -6-iaovalcryl fliph enyl - 
mpthuiB 


dipliPnylinpthBnp-2.4-diinovBleratef 2, 4-di- 
hydroxy diphenylmethanp 

54 

2,4-Tlihydroxy-6-aretyli]iplipnylethnnp 

tlipheny]rthanp-2,4-diaeetn1p4 2,4-fli- 
li y droxy [lipli enyl ethan e 

54 

2,4 -Dihy droxy - R -biityiyl diphenyl - 
ethnni? 


iliphrayleiliane-2.4-dibutyrate+2,4-(li- 

liydroxydjphenylcthane 

54 

2 ,4 - 1 )ihydrDXy-9- iaovaleryld iphenyl - 
ethane 


diphDiiylethane-2,4-diiBDvalerate+2,4-di- 
hydroxy diphenyl ethane 

54 

2 ,4 - Dihy drnxy • S - acetyl d ipli HI ly 1 - 
propane 


iliphenylprnpBnp-2,4-diBBPtate42,4-di- 

hydroxydiphcnylpropane 

54 

2,4-DihydrDxy-9-butyryIdiphpnyl - 
propane 


rlipheny lprDpBne-2,4 -dibutyratp+ 2,4 - di- 
hydroxydiphenylprupane 

54 

2,4-Dih.vdroxy-B-UM)valeryldiphenyl- 

ethane 


diphpnylpropanp-2,4,-diLiovBlerate42,4-di- 
hydrnxydiplieiiyl propane 

54 

4-Metliyl-O- or B-aeetylumbollifer- 
one 

16-20 

4-inpthylunibpllirercinB acetate 

52 

fl- m-T uluyl - 4-ineiliyl unibellif ernnn 


t-mctliylumbeHiferonp m-toluate 

58 

4-Methyl-B-benBoyliiiiibellifcrnne 

00-66 

4-im'tliylumbelliferone benzoate 

18 

B -fi -ValeryU4-methyliiinbellif erone 


4-niptliyhiiiibpllirerone n-valerate 

50 

7-Hvilroxy-8-aeetyl-4'-inethylcyclo- 

lifxuno-d'.B'.d.a^-aauinarin 


7-ncetcixy-4'-methylfyclDheXBno-(r,2',4,8)- 

42 

4 - Methyl -7-l]y(lroxy- B-ocetylcou- 
niarin 


4 -in pihy 1 -7 - n r Ptoxy coumarin 

40,55 

4-Methyl-7-hydr<ncy-B-anetylcou- 

marin 

4-5 

4-niethyl -7 -ucptoxymumorin 

46 

B-nydroxy-T-Boetyl-B-isopropyl- 

coutnaran 


6-acetiixy-2-iBDpropy1coumaran 

44 

5- Hydroxy-B-acetylflavone 


5-BCPti>X5'flavone 

45 

4 - M ethyl - 7- hydroxy- B- propi Dii)'l • 
coumarin 


4-niPthyl -7-pTopionoxycaumarin 

55 

4-Methyl -7-hydroxy-B-butyryl- 
CDUinarin 


4-in ptliyl - 7- bu tyroxy coumarin 

55 

-benzoyl -S-methyl - 

chromonB 


7-lipni!»ylnxy-2-methylchromone 

57 



7-acptoxy-2, 3-dim cthylchrom one 

57 



7-bBnBoyloxy-2,B-dimpthylohromone 

57 



7-bdiBoyloxy-3-aoetyl-2-methylohrDnione 

57 


80 

7 - Bcetoxy -8 - ar etyl -2 -mothy Ichrom one 

88 



m-tolyl butyraio and diphenyl ether 

8 
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Table E^(Coniinued) 

KcC^ns Tfi VifIiI Kcilcr ]{i>r 

4-BiitSl'Tyl-ni-ormnl m-tolyl butyrate anil diphinyl ethpr 3 

4-Aoelyldipheiiy1 ether n Inlvl acetate end diphenyl ether 3 

4-AM4y]-e-araB(d o-Ud^l Bcetate and diphenyl ether 3 

4-Aoetyldipheiiy1 other p-tulyl acetate and diphenyl ether 3 

2^Aoatyl-p-areBcil p-tolyl acetate and diphenyl ether 8 

4-BensQyldiphenyl ether o-tolyl benioate and diphcoyl ether 3 

4- Benio>l-p-creBol p>tolyl baiBDate and diphenyl ether 3 

0- Aoetylphenol phenyl acetate and p-tolyl diloroe relate 8 13 

p-Aoetylphenol phoiyl aoetate and p-tol>l diloroacctate 13 

8«Hvdrony-5-niethylpheiiar> 1- 

ehlnnde phenyl acetate and p-tolyl chloroacetnte 13 

5- Chloro-S-hydroxy-A-methylboiao- 2-chloro-p-tcilvl aertate and p-tohl 

phenona benioate B 

S-Hydroacy-S-methylBceiophenone 2-rhlorn-p-tolyl acetate and p-tol\1 

benzoete 6 

8-Chlorn>2-hydrmcy-5-n]ethylBC0to- 2-rlilor()-p^tahl acetate and p-tnlyl 

phoione benzoate B 

2-Hydroxy-B-nirthvibenBophniona 2-rhloro-p-tul>l acetate and p-tol\l 

benzoate B 

2-Hydroxy -B-metliylaeetophcnione 2-m-xylvl metlnl ethn and p-tolyl acetate 13 

4-Hydraxy-8,5-dimethylBoeiophenone 2-m-xylvl methyl ether and p-tolyl acetate 13 

Zyienol 3-m-xylyl acetate and p-tolyl baneoate 13 

CreKd 2-9n-xylyl acetate and p-tolyl benzoate 13 

2-Hydrcncy-5-niethylaeetophenDne 2-m-xvlyl acetate and p-tolyl benzoate 13 

2-Hydroxy-3-iDethylbenaiipbenone 2-in-zvlvl acetate and p-tolyl benzoate 13 

4-Hydixay-a,5-dimetliylaoetaphenone 3-m-xylyl ecctate and p-tolyl benzoate 18 

2- Hydrozy-5-mcthylbeniophBnono 2-hydrox3nneBitylene and p-tolyl benzoate 13 

p-Clvcl 2-Boetoxymeait>'lene and p-tol>l chloro- 

acetate 13 

3- HydroiymeBitylenc 2-aoptoxynieBit>lene and p-toJ>l rliJoro^ 

Bootate 13 

3-Hydn]Xy-2,4,5-triiiieihylaceto- 2-acetiixyinBUtylcne and p-toly] oliloro- 

imenonc acetate 13 

2-Hydraxy-5-niethylBoetophenone 2-acotoxvinentyIene and p-tolyl benzoate 13 

2-Hydraxy-5-methylbeiiBophenone 2-acetoxynieeitylene and p-tolyl Imnioate 13 

2- Ch]oro-2-hydroiy-5-methylaceto- 2-BcptoxvmeBitylpnp and S-chloro-p-tol>l 

phenone benzoate 13 

1- Chloro-3-hydrDxy-B-inethylbenao- 2-noeioxvnieBitylene and S-chloro-p-tolvl 

phenone benzoate 1^ 

3- Hydraixy-2-inethylBeetoptaen(me 2,8-dimethyl-4-Btbylphenyl chloroaoetate 

and p-tolyl acetate 13 
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18. K. Okuaki, /. Pharm. Soc. Jupan, 91, 847-52 (in Orrmnn, 180-2) (1M8); f 34, 1004. 
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Rearrangement of Ethers 

Rearrangement of alkyl phenyl ethers to substituted phenols is cata- 
lyzed by aluminum chloride: 


15. 

16. 

17. 

18. 
10 . 

20 . 

21 . 

22 . 

23. 

24. 
26. 
26. 
37. 
28 . 

29. 


31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 
30 . 

40. 

41. 

42. 

43. 

44. 

45. 
40. 
47. 
4A 
40. 
50. 
Bl. 

52. 

53 . 

54. 

55. 
55. 


OR on 



R 


A lesser amount of the o-alkyl phenol is obtained at the same time. The 
l^henomeiion was observed in 1892 by Hartmann and flattermann who 
'oiiverted iaobutyl phenyl ether into (crf-butylphencd by means of alu- 
*aimiiu chloride. 

"C. Hartttiaim and L. Qatteimann, Ber., 25, 8531-8534 (1892). 



Chapter 16 

Effect of Aluminum Chloride on 
Aromatic Compounds 

Anhydrous aluminum chloride has a pronounced effect on many pure 
aromatic compounds. This effect is particularly evident with aromatic 
hydrocarbons, and the course of such reactions is indicated in this chap- 
ter. Such reactions may include dehydrogenation, condensation, migra- 
tion of alkyl side chains, isomerization, rearrangements, or simple cleav- 
age. Whereas some of those types of reaction arc dealt with in more 
detail in separate chapters, the general character and influence of such 
processes are shown here. Instances of the formation of polynuclear 
hydrocarbons by autocondensation of the aromatic hydrocarbons during 
Friedcl and Crafts alkylation reactions are cited, since such reactions 
seem to demonstrate the tendency of these hydrorarbons to condense 
undra a variety of conditions. 

The cleavage of substituent groups from compounds other than hydro- 
carbons is also discussed in this chapter. For example, aluminum chlo- 
ride can effect fissiou of a dioxymethylcnc ring in the conversion of 
piperonal to protoratechuic aldehyde: 



Or it may convert carvacrol to o-cresol, 

CH, 


CH(CH.)i 

or convert phenol ethers to phenols, thus: 


OR OH 



The cleavage of alkoxy- groups has been noted previously in Friedcl 
and Crafts ketone synthesis and in reactions with phthalio anhydride. 
These reactions are discussed in more detail here to include not only 



CHa 
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cleavage of phenol ethers, but also to demonstrate the applicability of 
this phenomenon to the preparation of hydroxy- ketones. Cleavage of 
groups from ketonic heterocyclic compounds, azo- compounds, o-amino- 
phenol ethers, halogenated phenol ethers and alkoxyaryl aldehydes, and 
hydrolysis of esters are other phenomena which may occur in the presence 
of aluminum chloride. 


Effect of Aluminum Chloride on Aromatic Hydrocarbons 

The tendency of aluminum chloride to exert a disruptive effect on 
aromatic hydrocarbons has long been recognized as an irking factor in 
Friedel-Crafts reactions. Under varying conditions in the presence of 
aluminum chloride benzene has been shown to be converted to the follow- 
ing miscellany of products:* 


toluene 

xylenes 

ethylbenzene 

cyclohexane 

3-phenyl-l-methy 1 cy cLoin'utane 


o-diphenylcy clohexane 
phenylcyclohexano 
naphthalene 
biphenyl 

phenol and other phenols 
unsaturated oils and polymers 


A variety of reactions is apparent. Obviously the action of aluminum 
chloride on benzene results iu the loosening of hydrogen. It is uncertain 
whether biphenyl or phenylcyclohexane is the primary reaction product. 
Phenylcyclohexane bus been shown to change probably into diphenyl- 
cyclohexane. This isomerizcB to phenylmethylcyclopentane, which has 
been reported as the main reaction product.^ If the reaction proceeds 
through primary formation of biphenyl, 



Air la 



+ n. 


the presence of cyclohexane may be ascribed to hydrogenation of the ben- 
zene by the evolved hydrogen. Cracking of the cycloparaffin would 
result in fragments that give alkyl benzenes upon reaction with benzene. 
Phenols are obviously secured through oxidation by air during treatment 
with aluminum chloride. 

As is shown in Table 34 (p. 716) , the extent of the change effected by 
aluminum chloride is of little significance in the case of benzene. As the 
complexity of the molecule increases, however, the disrupting action of 
the catalyst may become so great that it interferes with the normal course 
of Friedel-Crafts condensations. Rearrangement and cleavage of alky- 
lated benzenes occur readily. It has been pointed out^ that in the 
alkylation of toluene with isobutyl bromide in the presence of aluminum 
chloride the following products are secured besides butylated toluenes: 


* See Table 84, p. 716. 

Wvtvporodi Mid H. Bagd. Bur.. (6, 18 M- 18 U (1088); C. A.. 
■A. BftUff. Bar.. 84. 1888-8848 (1881); ibid., 27. 1604-1809 (1804). 


28. 116. 



714 


ANHYDROUS ALUMINUM CHLORIDE 


butylbeniene 

ethylboniene 

butylethylbeuenc 

1.3- <limethy]'^(ert-bu1 ylbeiusciiG 

1.4- di>tert-butyIbenK!i)e 

There is tliuf apparent a cleavage of toluene, witlt formation of benzene 
and xylene. This intramolecular migration of alkyl groups may proceed 
throu^ formation of alkyl halide. Propyl chloride has been observed ■'* 
as one of the products of the reaction of isopropylbenzene and isobutyl 
chloride in the presence of very small amounts of aluminum chloride at 
ordinary temperature. Other products included f erf-butyl benzene and 
p-di-fert-butylbenzene. Methyl chloride has been reported as one of the 
products resulting from like treatment of m-xylene, or mcsitylcnc.* Other 
investigators have noted evolution of paraffins during reaction of alky- 
lated benzenes with aluminum chloride. Evolution of isobutane has been 
noted upon treatment of ferf-butylbenzeue ’ or p-trrf-butyltolucnc * with 
aluminum chloride. Like treatment of iK)|)ropylbonzenc and of cyinenc " 
has produced some propane. The fact that polymerization products are 
secured in most of these reactions may indicate, however, that the cleaved 
fragments are olefinic in nature, being converted to alkyl halide oi 
paraffin through the hydrogen or hydrogen chloride evolved from side 
reactions. 

The migration of alkyl groups which occurs when an alkylated aro- 
matic hydrocarbon is heated with another aromatic hydrocarbon in tlic 
presence of aluminum chloride uflcrs a new approach to the synthesis oi 
alkylated hydrocarbons; 


CiUi C'illt 



CjHi 


Alkylation by transfer of alkyl residues is more thoroughly discussed else- 
where.* 

When polynuclear hydrocarbons are treated with lower alkyl halides 
and aluminum chloride, the dehydrogenating effect of aluminum chloride 
is stronger than its catalytic effect. The reaction 

HR + 11> 


■E. Boedtker, Bu//. tor c/um. (3), 55. 834 (I906>. 

*0. JmeobfKnip Btr., 15, 558-344 (iH85; 

■V. N. Ipatieff and 11. Pinea. J. Am Chrm. 59, 56-60 <1087) 

« A. LaCourt, Butt. toe. e/um. Beta , 38, 1-5Q (10^); V A » 23, 2541 , „ 

TR. Heme and A. Tohl, Ann., 270, 155-171 (1802), J. Chem 8oc. Abt., 62, 1800 (1802); ibid, , 
a4» 708-772 (1801). . 

"R. Anmuti and H. Inuiiinidurff, Rcr , 18, 657-602 (1885); /, Chem. Soc. Abt, 48, TOO (1885) A 
W. Bohnrger, /, Am Vhtm Sot., 39, 2071-2670 (1017), V A, 12, 277. 

* See pao;c 090 . 
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ns 


IB morQ rapid than 

mi + AlkX R/Uk + IIX 

Thus, j9,j3'-binaplitliyl is often reported as the major product in Friedel* 
Crafts reactions with naphthalene, two moles of naphthalene condensing 
aerording to the scheme: 

<-0 ^ CO'^OO^"- 

Condenaation of aromatic hydrocarbons under dehydrogenation has been 
repeatedly observed since the first announcement of the Friertel-Crafts 
reaction. That the dehydrogenating effect of aluminum chloride may be 
utilized for the synthesis of polynuclear hydrocarbons was indicated by 
Homer," who secured picene derivatives from naphthalene, and by Scholl 
and his co-workers,*® who obtained perylene as one of the products result- 
ing from refluxing naphthalene with aluminum chloride at 180 ° for one 
hour. The production of polynuclear hydrocarbons through dehydro- 
genating condensation of aromatic hydrocarbons has been commercially 
advocated as a means of synthesizing fluorescent-imparting additives for 
lubricants. Scholl has extended the reaction to the auto-condensation of 
substituted aromatic hydrocarbons and to intramolecular ring closure of 
aroyl compounds. Scholl condensation with compounds other than aro- 
matic hydrocarbons is treated separately.* 

Aluminum chloride effects an isomerization of certain arylcycloalkene 
hydrocarbons which results in intramolecular ring closure”: 


Ua lla 

1 I 

(’ r 


HaC/ \rHa 



A 


II r- 


I 


-CHa 


AlCli^ 


TIa Ha 


'^CHa 



Since this isomerization jiroceeds through addition of an aryl nucleus at 
an olefinic bond, reactions of this type are more thoroughly discussed 
under reactions effected with unsaturated hydrocarbons.^ 

Inasmuch as the effect of aluminum chloride on aromatic hydrocar- 
bons has been so often shown to result in the formation of a mixture of 
condensation, hydrogenation, rearrangement, and cleavage products, it 
has been thought expedient to avoid n classification of such reactions. 
The following table comprises a list of observations which have hej^ 

® ' {Text cont*d on p. TM) 


“ J. W, and C. L, Hpweit, /. Chem Soa., UHW-llll (1938). 

t See page 4M. 
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Table 34 


Hydrocurbon 

Beaetion Conriitione 

Products 

Ref 


20 weeke et 20* 

phenylt^ciohexensi btphsiwi, o-di- 
phenyusyclohnene, eydohntene, 
phenylmethyloyelopsiitaaB 

24 

BeDicne 

24 hfe/125* with 10^ AlClj+ 
HQ end under preeeure 

biphenyl, ethylbensene, imeetureted 
oU end pol^ars 

25 

BaniaiQ 

100-200* ui e eealed tube 

toluene, ethylbinicDe; biphenyl, 
elso phmois 

7.11 

Bcnsfoe 

24 hf*. et bp vith 10% 
wt. of AIQb 

92% unehu^ bensene, 1% phe- 
nole 1 0 0% ter, end HQ 

18 

Benrene 

Ain,+I1C1, heeted in eealod 
tube 

3-pheny1 -1 -methyloydopentene, 
b 210-282* : diphenylcyplohexsne 

21 

BniMne 

refluxinc for 10-14 de&e et 100* 
i»ith 20% AlOi 

nnphthelene, tolune, xylene, ethvl- 
beniene, biphenyl, phenol 

23 

Benx#ne 

AlCIi eddiLion product of bn- 
■ene, reecticm with HQ gee 

Oil, b p 00-300* from which meth^l- 
phenvloyclopAtaae, b 230-240* 
was secured; elso diphenylcyclo- 
hexene 

55 

BcnwBo 

nirkel oerbonyl end A1C1« et 
100* 

very emaU amount of aldehyde, 
anthracene, end nickel chloride 

05 

Beniene 

itym-tetrebroinoethene end 

Alda 

anthracene 

73 

Bamm 

ethylidoie ehloride end AlCln 

meaodunethylanthraoaiBhydride 
end other produots 

17 

Bamdc 

meUiylene chloride end AlCIa 

anthracene and other products 

00 

Toluene 

2 hn /llO* 20% AlCla in 
eeeM tube 

bensAe, p- and m-xyleite. and 
small amount of dimethylenthra- 

CAB 

1 26 

Tolimie 

180-200* in e seeled tube 

xylene, cthvlbeiuiAe, and bitolyl 
also phenols 

7 11 

Tolune 

24 hre et b p with 10% b\ 
wt of Alois 

00% unchanged toluAo, 13% ben- 
SAB 8 5% xylAce, 1% phenols 

Ad 0 8% hexahydrotoluAe 

13 

TduMe 

8 hn in e eeeled tube with 
30% AlCI. 

m- and p-xylAe, dimethylanthra- 
cAp; no o-xylAe 

17 

Toluene 

msverel hours ^ith 0% AlCln 
et b p 

bASAe. m- Ad p-xylAS highnr 
methylated bensAee, dimptli\l- 
enthrBMne 

27 

Toluene 

20% Alois heatetl under reflux 
witli HCl 

11 5% bASAe, 00% CtHs 

6 3% OsHid, h 130-148* 

14 

Toluene 

20% Alois heeted under reflux 
with nitrogen 

0% bAlAB 

90 5% OrHs 

7% QHio, b 180 143* 

14 

Toluene 

20% AlOli hooted in distille- 
tion flasks with HCl 

25 0% bAsene 

57 B% CtH, 

0 5% GsHis 


Toluene 

20% Aids hAted in distille* 
tinn fleske with nitrogen 

14 2% bAlAS 

03% C^s 

3 7% CsHis 


Toluene 

20% AlCln hMted in distille- 
tion flasks with hydrogen 

20 8% bAune 


Toluene 

isobutyl bromide end AICIa 

1 ,3-dhiietbyl-O-Cere-butylb AKAP 
1,4,-di-fert-butvlbASAe, di-/erf- 
butylbABAB InbutylbAsene , 
tnbutyltoIuAe 


Toluene 

bensyl chloride end AlOi or 
methylene chloride end 

AlQi 

antliranenfl deriv , m p 281-282*, 
becides other oompds 

OH on 

Toluene 

lenbutvl bromide end AIQa 

butyl toluene , butvlxylcne, butyl - 
ethylbAsene; dibutylbcniene, 
butylbeoiene, etbyiDciissiia 

02 

Toluene 

nirU^I rfitlinn>l end AlCTo et 

100* 

vprv cmaU amount of »-tolAlde- 
hirdo and much 2,0-dimethvl- 

00 


MithraCine 
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Table M-^(Contmuod) 


Hydrodarbon 

Renetioii CaoditionB 

Producte 

Ref. 

Tuluano 

chloroform and AlCli in 
win. 

diniethylanthraoeneB, beiidee other 
produota 

07.73 

Tolum 

i aym-tetrabromo- or tetra- 
ohloroethnne and Alda 

dim ethylanthraoenee 

17,2 

72 

Tolusne 

ethylidene chloride 

^i^-dimethylmeeodimethylanthrtt - 
oenehydride 

17 

m-Xylme 


toluene, beniene, meeitylene, 
peeudoeumene, p -xylene, durene, 
and ieodurene 

1.2( 

m-Xylenc 

6 hni. at 100*, 10% AlQi and 
HQ 

beniene, toluene, meeitylene, end 
pieudDcumene 

18 

m>XyI(*He 

24 hra. at b.p. with 10% by 
wt. of AlClji 

5.0% benzene, 10% toluene, 80% un- 
changed xylene, phenols (appre- 
ciable amounts) some hexahydro- 
toluene 

13 

yn-Xy]i‘i)c 

boiled for 4 lira, with 20% by 
wt. of AlCl.i 

dumie, ineaiiylene, peeudoouniene, 
toluene, beniene, methyl chloride, 
0 - and p-xylenee and m-xylenc 

10 

wi>Xvlpnc 

25-30% AlClu 

tolurnc, m-xylcne, p-xylene, meeit- 
ylpiip, pemirlocumene, durenc, and 
tptrainetliylanthraeene, m.p. 200* 

17 

ffi-Xylptif} 

mill, eqiiiv. AlCU for 15 
iiiin./94” witli HCl 

100% total xylencB recovered, con- 
sisting of 
o- 10% 

711- 72% 

P- 10% 

04 

m<Xyleiii> 

iiuji. oquiv. AlCla at 50° for 

5 hra. 

00% total xyleui'S cousiating of 

D- 14% 
m- 71% 

p- 10% 

04 

tn-Xylrac 

Borne aa above except HCl 
added 

80% total xylenea consisting of 

0- 10% 
m- 07% 

P- 17% 

04 

Tii-Xylr*iic 

1 iimlp oQuiv. AlCl.i at 50° foi 
0.5-75 hrs. 

% total recovered hydrocarbons de- 
creaeea from 02-80 with increaBing 
time: % total xylenee in recovered 
hydrocarbons decreaeeB from lOO- 
72 with inorcaeing time; % o- 
isomer m recovered xylenee ie con- 
staul at about 10%; % m-iaomer 
decrcasw from 77-05 with increas- 
ing time; % p-isomer increMee 
from 8 to 10 with incTeasing time 

04 

m-Xylone 

l-lOO mol. equivalents of AlCl,i 
at 50° with HCl for 48-50 
hra. 

increase in moleoular ratio of AICIr 
increases rate of rearrangement 
and decomposition 

M 

m-XylROfi 

nickel carbonyl and AlCU at 
100° 

small amount of 2,0-dunethylbenB- 
aldehyde and much 2,4,0,8-tetra- 
methylantliraoene, m. 228-830* 

06 

w -Xylene 

acetylene tetrabromide and 

AlCl. 

tetrejnethylanthracoDe and other 
products 

17 

m -Xylene 

methylene cliluride 

an anthracene deriv., m. 102-103* 

00 

0 - and p-Xylone 

lOg^AlCla, 0 hrB./100° plus 

much in-xylene, beniene, meeity- 
lene, and peeudoeumene 

18 

o-Xylene 

15 ff of the xylene and 10 x of 
AlCli at 50* for ID min. wii 
Btream of HCl 

81.0% 0 -xylene 

0.0% p-xylene 

18.7% m -xylene 

11 

P-Xylene 

same an above 

0.0% o-xylene 

35.1% p-xylene 

04.8% m -xylene 

11 

o-Xylpiif 

1 molo equiv. AIGIr fur 5 
hrB./50" with HOI 

04% total xylencB reouvered, con- 
sisting of 

0- 40% 
m- 60% 
p- 5% 

64 
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Table 34 — (Coniimed) 


Hydioearbon 

Reaetion Conditicrtie 

Froduota 

Ref. 

D>XyloDe 

sanie as above except fgr 13 
nun./94'’ 

84% total xyleuea ic>eo\ered, con- 
Btatiug of 

0- 88% 
m- 48% 
p- 18% 

54 

|>-Xylone 

iiiolr equiv. AlClj fur fi lire ei 
60> with Ha 

83% total xyleucs rmiveicd, coii- 
sistioji of 

m- 76% 

P- 10% 

04 

p-Xylene 

same as above except (or 15 
mui/04> 

80% total xyleuea rtTmercd, run- 
Bisting of 

0- 18% 

Tn- 31% 

P- 53% 

64 

Xylene 

heal me at lip wifli mniet 

AlCU 

demrtlnlatrd prodiirt 

3 

Xylene 

Ha and Ain, 

25-26% toliiune 

4 

Xylene 

4% Aiaa bniliHl 2 hours 

86% of iniitnml b bclua 140’ 

5 

Xylene 

ri'fluxing 

iiiraitylrnr autl pseudricuini'iir 

B 

Xylene 

iHiiling for 3 lira 

fractious b bihm and nbmt x>1pjii 

0 

Xylene 

Vk AlQj at b p and atm. 
piessuie 

7% brnrenr 

11% toluene 

52 

Xylene 

hralpd in current of Iia aith 
Aiaa at 100° 

7 7% benzene 

23 7% 07ng, 

45 8% ChHid, and high boiling 
material 

54 

X>lane 

hratiHl in rurrMit >f HO xnth 
Aia, at 120° 

4 1% benacnc, 

18 3% OrH., 

B7.0% CkUio. and high boiling 
material 

54 

Mosityleiie 

boilid with by wl of 

Aints and HO for 4 lira 

durrnc, laixlurnnc, pacudocumeur 
(tiaces), m -XV lone, toluene, brn- 
mir, nicthvl chloride and mainly 
unrhnngcd im'sitylme 

lb 

Peeudocuinpiic 


tfihirnc, brn/rnc, p -xylene, pseud o- 
riuiimr, iluiene, isodurene, and 
niPBitilcnp 

1,26 

Pwudocunieiie 

12% by at of Ala, hraUsI iu 
biiiling 

pisniamethyllienzme (traoce), duirnr, 
isoduTfliie, vn- and p-xylene 
(mostly m-) toluene, and benaenr 

le 

Pseud ocumene 


tulurnp, m- ami p-xvlene, nicsity- 
Irne, durene, izodurene, and 
syrupy liquid 

17 

Duraie 


benzene 

7 

TBtrainothylbauene> 

10% AIQa 

truuethylbenzBiie and xylene 

7 

Pen tanoothylben sene 

50% Aiaa for 14 days at 50- 
55° 

durene, pentametbylbcnsenc, and 
h examethylbensene 

16 

Heiamr>thylbrnasene 

100-20D* with 50% bv at i.f 
AlClu 

pantameihylbenrmr, durnir, isn- 
durene, perm liioum one, niraitv Irnr, 
m-xylone. toluene (very litth), 
and bensMio (very little) 

lb 

Hexoniethyllifinzene 


penta-i tetra-, tn-, and dimriliyl 
bensenes ana benzene 

7 Ti 

UeznmetliylljiPfiBenr 


durmie and other lower metbylatnl 
benzenes 

88 

Ethylbenzene 


bonsene, much p-diethylbenzene, 
little m-duthylbensene 

1 26 

Ethylbeoieiie 


no o-diethylbensene 

17 

Kth) Ibenzenp 

2-10 hrs at lOO-lM” with 

Aia„ and HCI 

liensene, m- and p-dielliylbrnaene, 
trietliylbenzone 

18 

leaprnpylbenzene 

24 his. at 1) p. With 10% 
at of AlCli 

1.6% benzene, 

2.7 % toluene 

13 
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71B 


HydrcK'di iHin 
Iftnpi opi Ibenxene 

iBopropylbensene 

ii-Prorn Ibenzene 
n-BiiLvIboiirme 

•rr-Biihlbpnri'ni* 

rfrf-Bii(vlbi*iizpno 

tnt Bul^lhmBpni* 

ji-Hi-n-pi iip\ I- 
hi n/(*np 


m-Di-fi-pinpvl 
111 nypne 

1 2»4-Tiiprn|n I- 
ImnzLnp 

Cviiiinr 
C vinpnp 

r*! iiii m 

rMiipnf 

V-tirt Bijfvltiilupnp 


1)ibut}1bfi]iELn(! 

1 S-Dimpthyl-l-i^o- 
propylbenzene 

l|3-DiinpthYl-4-n- 

propvlbmzpne 

l,3-Diinethvl-4-n- 

butylbenipnp 

1 3-Dimpthyl-4-feir- 
butylbGiusene 

1,8-DimDtliyM-Mo- 

butvlbpnzpnp 

1 3-Dimethvl-4-4rr4- 

biitylbenzmp 

Naphthalenp 

Nnphthslenp 

Naphthdlene 

^oplltlmlpuu 


Table 34 — (Continued) 


UpttPtion CoiulitKmH 

isriliiitxl rhlDnile and \pr> 
Hiiiiill aiut AlCI ill oidinaiv 

tpifip 

18 7% of AlCI, Ilia at 100‘> 
fui 4 hm 


18 7% Ilf AlCl,4nn biatinn 
for 8 lirH at 100° 

18 7'^4 of AKM llin liiatiiKc 
for 0 lirs at 100* 


20% nf AlCI, for 7 hrix 
140-1 

27% Aia,-IHCI for 3 hra 
80° 

loriiiinvl rhlriTide iiml 4in 


aav't AlCI, fill 22 hrs a1 100“ 


33 3% AlCI, fri 22 Ills ul 100° 


4 hrs at 100“ 


2V/f Airi, lit 175“ 

24 Ills at bp with lO'^ b 
XX t nf AlCI 


20% AlCIi fur 32 38 lirs at 
60-08 lieatpil in a iiiirput 
nf an IICI in f'C)_ 

50% AlCI, fni 4 lirK al rnnm 

triTip 


50^? AlCI for 10 hrs nt mom 

Ipiiip 


rnoiii Ltiiip 


55“ 


85-100“ 


Produrtz 

forf-butylbpnxene, p-di-terf-butyl- 
bul) Ibrnzpiic, and piopyl ohloridp 


711- Mini p-ihifloproiiylbenzenp, bpn- 
/nii piopnnc, no toluene or 
xyloncs 

m- nnH p-diprnpvlbpnzmn, benzcnp, 
no tolupne nr xylenPB 

m- and p-riibutylbpnzpne, o-, m-, 
and p-x\1pdp pBoudocumene 
lUPSilyleiiL and benxene 

lu|iiiil mHtcriab bp 120-210“ 

isnbntanp Bafi» bpnzpop, and higber 
bniliniK rcHiUiiPB 

isoamyl chloride iprovpred un- 
ohanffpd, p-di-tirt-butylbenzenp 
IS obtained 

10% p-dipropylbenrene, 

15% Tii-dipropvlhpn/piip, 

Wc Ti-propxlben/ene 

much unehanged niatorinl and a 
little p-di-n-pTOpvlbcnzene 

30% m-diprDpvIbonzcne with a 
little p-unmtr) 

28% 1,3 S-tripropylbenzene 

12% tetrapropvlbenzpnp tprobablx ) 

tnliicno, tar, and propane 

0 8% bpnzene, 14 3% tolupne, 7% 
xylpnes 28 5% unchanged omcne, 
and 48 4% unidentified jelly-like 
mass 

mainly toluene 

btnzpnc tolume m-xvlpnc, 1- 
iiiethvl-3,5-iliisoprnpylbenrenp, 
2,a-dunptli\lbiit^e, and propane 

bcnzmc, toluene, xylene, imchanRod 
ixnienp, l,3,5-duBoprop>ltolupnp, 
iiud a high boiling reaidue 

trdiirnp, dibutyltolucne, tributyl- 
tnluene, isoLuitano, unrliangixl p- 
tert -butyl toluene, and high boil- 
ing residue 

tributylbenzme, but> Ibrnzmi', and 
an unidraitih^ piquet 

hugely to l.S-dimethyl-S-iBoprop)!- 
benzeiie 

niixtuip of 1 3,4- and l,3,6-liydri>- 
earbnns, ni-xvlene and a di- 
propyl-1 3-diniethy1bciupne 

l,a-dimpthy l-5-Brr-butylben7ene 


1 S-dimnthxl-S-trrt-butylbenzene 


mixture of hydrorarbona 


Rof. 

80 

IB 

18,20 

18 

30 

31 
80 

34 

34 

34 

1 

13 


17 

32 

33 

33 

B 

03 

83 

2 

2 

2 



1 3-diini>th\l-5-tprf-butylbpnzenp 

58 

refluxing fnr 1 hi at 180“ 

perylene 

22 


benzene and hvdridea of naphlha- 
lene 

88 


iBobmaphtlivl and ite uoinerides 

7 

00-150“ 

tetramothylnaphthalcne, totra- 
methylpiDone, j9,^'-bmaphthyl 

40 



no 
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Table Si— fContwiued!^ 


nydroQarbcin 

Reartion Cmirlilinna 

Producta 

Ref. 

NsphthBlBne 

i% AlOU boiled for 1.5 hm. 

oily naphthalene, b. 810-835” and 
^ow. waxy maaa 

0 

Naphth«lMie 

100-150** 

beniene, hydronaphthalenea. hydro- 
mnated blnaphthyla. p.^'-binaph- 
thyl 

14 

N»phth»1ene 

from 80 min. to 5 hra. 

no lordronaphthaleDB or hydro- 
naphthyl; found: ^.d'-binaph- 
thyl, 1,4,6.8-tetimmBthyLnaphtha- 
lene, b. S15-285‘; OggHa (an alkyl 
derivative of pieene) and CgellgB 
(probably tetranaphthyl) 

10 , 20 . 

47,48 

NaphthaJnie 


hensene, toluene, and other prodiicls 
cnmpound having green fluoreeoenoe, 
apparently fonned bv union of 2 
molec of benaanthrene 

76 

41 

Naphthalene 

methyl bromide or methyl 
chlnrida and HCl 

fl- 10 % methylnaphtbalene and 
hydroearbon, m.p. 178-174°, oon- 
atitution not determmed ; no 
^,^'-binaphthyL 

60 

Naphthalene 

methyl iodide and AlCls 

no methylnaphthalonea ; a hydro- 
carbon, b. 282*, picrate, m. 120 °, 

IB obtained 

67 

Naphthalene 

methyl iodide and AlQa 

S^p methylnaphthalenee and /9,P'- 
binaphthvl, m p. lfiO-181” 

M 

Naphthaloie 

amyl chloride or iofliilc and 
Alda at in'* 

no amylnaphthalenea ; etbyldi- 
methylm ethane and binaphthyl 
are obtained 

57 

Naphtha] Ole 

bensyl chloride and i% AlClg 
at 100-130” 

benzylnaphtlialenea and binaplithvl 

57 

Naphthalene 

nickel carbonyl and AlClg at 
100 ** 

no aldehyde; product contains 
C!!sHu (or CsHig-dinaphthantlira- 
CBnef) 

ID, 47, 
65 

Naphthalene 

isobutyl chloride and AlCla 

two blnaphthyla and lert-butyl 
naphthdene 

59 

Naphthalene 

methylene chloride and AlClg 

P./P-biiiaphthyl and P-mcthyl- 
naphthalene 

70 

Naphthalene 

methylene chloride and Airi 

naphthalene and ^,^'-bniaphthyl 

47 

Naphthalene 

osym-dichloroethane and 

Aids 

methylated naphthalenee and 
binaphthyl 

70 

Naphthalene 

osym-dichloroethanD and 

AlClg 

methylnaphtlialenBe, ^,/l'-binaph- 
thyl, dinapbthylmethane, and aub- 
aianoe, m.p. 282* 

47 

Naphthalene 

ethylene bromide or rhlnridr 
and AlClg 

methyl- and ethylnaphthalenea and 
/l,^'-binaphthyl 

71 

Naphthalene 

same as above 

above compda. and a oryatalline 
produBt, m.p. 800* 

57 

Naphthalene 

same ae above, but dietillalinn 
ufuler reduced prensiire 

naphthalene, methylnaphthalenee, 
and pioene, m.p. 850*; no 
naphthyl 

47 

Naphthalene 

chlornform and Ald.t 

methylnaphthalenea, 19 ./O' -binaph- 
thyl, ethylnaphthalene, naphtha- 
lene 

47 

Naphthalene 

tetrabromo- or tetraohloro- 
ethane and AlClg 

C 9 H 14 , m.p, 207.0*, probably 
a,/f,ar,^'-dinaphthaothraoane 

47 

Aeenaphthene 

1 % AlClg boiled for 1.5 hn. 

duoreacent oil, b.p. 106-205° 

0 

meeo-Dihydro- 

anthraoene 

0.6 hr. at room (Miperature 

72% anthranene 

3D 

Anthnoene 

in nltrobensene 

no producta iaolated 

30 

Anthraeene 

4% AlCI, boiled for 1.5 hra. 

oil, b.p. 000-800* 

0 

Anthraeene 

8 % Aids at 840* 

hydreantbraoaoea, bydronaphtha- 
lanea, methylnaphthalene, carbon 

87 

Dlhydrobensantbrene 
or benaantlireDe 


green, fluoreKent oompound appn^ 
rently formed by unioii of 2 moles 
of benianthrene 

41 
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Table 84 — (Continued) 


IlyrirDoarboB 

Reaction Gondii ionn 

Froduats 

Ref. 

Pbnmnthreae 

AIOIB+CR3 at 1000 

yidlow, emoiphouB eubetance, prob- 
ably (CiiHio)* 

88 

PhenaBthrane 

4% AlClo boiled for l.fi lire. 

ycllowuh green fluoreaceiit oil 

9 

PiiBDBntfarsne 

4.7% Aias at 340^ 

naphthalene, haniologe of naphtha- 
lene, brown oil+Hd+hydroearbon 

BBC 

37 

Phenanthrene 

in nitmbenxenp 

no products ieolated 

89 

Phcnantlirene 


a condenaation product, bio above 
310", unpful aa pour-point ileprea- 
aant for lubricants 

7 

pyrene 

hniiiid for Ifl niin. with 

AlCla 

compound imperting fluoresceno*' 

42 

Mixture of poly- 
nuclear aromatic 
hydrocarbuna 

45-53* 

colors for dyeing lubricating oils 

43 

Chrysone 


2.2'-bichryBenyl and then to di- 
naphthoprrylnie 

44 

ChryeenB 


Z,3,10.11-dinBphthnperylene 

91 

Triph enylmethane 


beniene 

7 

Trip h eny Imeth BD e 


diph enylmeth ane 

88 

Diphenylmethane 

56^ AlCla for 17 hre. nt mom 
tmipurature or at 85° 

bnnsene and anthracene 

39 

Diph enylmethano 


brasene and anthracene 

10 

arym- Diphenyl - 
rthanp 


m PS 0 - dihy drodimetliylanihraoene 

10 

Stilbene 

63.7% AlCla m CRj B hrn. iil 
100" 

truner of CuHia 

88 

Rtilbrne 

AlClj in CS| 

a polyetilbpiie, m. 220" 

80 

Biphenyl 


bposme 

7 

Biphenyl 

250-300* 

73.5% betuene 

18.5% mcthyloyclopentane 

4% cyolohexanp 

4% toluene 

7 

12 

Iiooierie binaphthyle 

AlCla done or with KCl 

perylene 

28 

2,2'-Blnaphthyl 

130-160* 

pprylcne 

49 

l.r-Binaphthyl 

B0% AlQi for 1 hr. at 140* 

peiylene 

28 

lil*-Binaphthyl 


2,2'-binaphthyl 

74 

Hyd robinapb thyl 


liydronaphtliyls 

14 

8.4- DUiydro-l- 

ph methyl phenan - 
threne or 

3.4- Dihydro-l- 
(P-2'-tolylothyl)- 
phmanthrene 

in C9| at 0" with equal 
amount by wrixht of AlCla 

product which upon hydrogenation 
gave pioene 

92 

Bicyclopentyl 

170-290" 

35% cyclohexane, 40% cydopentane, 
18.5% paraflin hydrocaibons 

70 

Bicydoheiyl 

100" for 50 lire. 

trons-bicydohexyl 

86 

Bicydohexyl 

160-290" 

cydohexanea, cydopentane, and 
methane hydroearbane 

« 

na-0,B,8-Bicyolo- 

Dotane 

room temperature 

isomeride, probably l,2jl-bifiyolo- 
octane 

88 

Hydrindane 

170-280" for 10 hre. 

28% hmnethylene hydroearbotta, 
N.5% pentamethylene hsrdrooar- 
bons, and 10.5% eaturated eli- 
phatic hydrocarbons 

64 

Tetralin 

100" 

bensens, octhraoene, oetanthrene 

85 

Tetralin 

1.5-2% AlCla for 6 hre. at 
below 100" 

beniene, tetralia. ootahydrophen- 
anthrcne, ootanydroanthraoene 

46 

Tatralin 

80-40* with 1.0-1.5% Alda 

sym -octahydrophenjiathrrna and 
sym - Dotahydraanthraoene 

80 
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Tabic 34 — (Continued) 


llydrewarbun 

ReactJon CoiHli lions 

Produeta 

Rrf. 

Tetralin 

1-2% AlCls at 50-70' foi 10 
hrs. 

nclahydrophenanthrene, btmzone, 
Dftahydroanthraoi'nn, (^|U«, 1- 
phmyl-4-(2-tetmlyl)-bntnnn, 
2,2'-binaphthyl, 2.0'-ditetrdyl 

36 

Tetralin 

4% AlCL, at 70-80” for 8 hrs. 

octaliydroplisnantlirene, dodrca- 
bydrntriphenylene, phenylene-bis- 
aod tetralylootonthrenylbutane 

30 

Tetralin 

ifM>ro tpinporoture 

benzonp, octahydroantlimcPDP, and 
-plipnanilirttfic 

45 

Tstralin 

10-30% Airii ot 170-270” 

50% nf a distillatp, b. 05-190°, con- 
iaiiiina 58'/ aroinatir, 15% Ik^xd- 
mcthylene, 28.1% pentoniptliylriip, 
and 3.9% parnJTms 

78 

cis-Deoahydro- 

naplithalme 


/ronf-iMiiniTidc and cleavaap 
productb 

81.87 

Deoahy drohaphtha - 
lene 

b.p. 

hydrnrnrhiins of pnmpnctilion 

Ci„H,8. b. 157-2.50” 

45 

DecahydronapU tha- 
lene 

130” 

dimethyl -0,3,3 -bicy cl ooctan p. rvrl n - 
lipXBiiP. methyl- and 1,3,5-tfi- 
mptlivlrvolohexanc 

80 

Oetahydrnanthraoene 

b.p. 

tetrarlpraliyilroanthracene, tetralin, 
probably butadiene 

50 

Ortahydronnthracene 


50% of DOtahydrophenanihrpnc 

36 

Oatahydroanthraoefie 

b.p. 

pprhydroanthracene, dpcalin, puly- 
methylpne oumpounrls, und prub- 
ably tetralin and butuilieiip 

.51 

DecahyilroRnthracene 


10-24% aromatic compnunrls, 64-70'/ 
naphthenic oompiiuiuls, and trarpM 
of aliphatic hydrorarbuns 

7!) 

sym -Ootahy dr 0 - 
phenanthnoiB 


K|/m-ootahydroanthniCi'tip, dodecu- 
hydrophcnalene 

36 
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macie concerninf; products secured by the action of aluminum chloride 
fin aromatic hydrocarbons and hydroRcuated polynuclear hydrocarbons. 
Illustrations of the production of ]iolynuclcar hydrocarbons by self-con- 
densation of the aromatic cornponent during Friedcl-Crafts alkylation 
have been includcdi since the substances thus obtained are analogous to 
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those secured by the action of aluiuinum chloride on the aromatic hydro- 
carbon alone. Separate discussion has been made of alkylation by migra- 
tion of alkyl groups,* isomerization of the alkyl group acoompanymg 
Friedel-Crafts reactions,^ and intramolecular ring closure of arylcyclo- 
alkenes.t 

CleaTage of Compounds other than Hydrocarbons 

At high temperatures, alumimun chloride effects fission of the dioxy- 
methylene ring. Piperonal yields protocatochuic aldehyde; 


UsC 


CHO 


Airii 



CHO 


Conversion is effected at 130-150° in benzene solution.’^ It may be 
advantageously conducted by using a chlorinated aliphatic hydrocarbon 
as solvent in the presence of at least two molar equivalents of aluminum 
chloride to one of piperonal.*” When acetopiperone is treated with alu- 
minum chloride in boiling chlorobenzene, acetopyrocatechol is secured. 
Similarly, piperonylic acid yields protocatechuic acid.** 

Nitrodihydrosafrole is converted into 6-nitro-3,4-dihydroxy-l-i&opro- 
pylbenzene by treatment with aluminum chloride in the presence of 
carbon disulfide *”: 


CU(CH|)| CH(CHa)i 



Oberlin has applied the reaction to a number of alkaloids containing a 
methylenedioxyl ring.*' 

According to Mosettig and Burger,** the scission of the mcthylene- 
dioxyl group is efiiciently effected in the presence of aluminum bromide, 
the use of this catalyst permitting lower reaction temperatures. 

When acylation of aryl arsines is attempted by the Friedel-Crafts 
reaction, it results in decomposition with formation of arsenic trichloride. 
The liberated aromatic compound then unites with the acyl halide; 


GiH.AbCI. + CHiCOCl 


AlCIi 


CiIItCOCH. + AsCli 


The reaction has been suggested as a means of identifying arsines.*' 

*6ee page flW. 
tSee page S4. 
tSee page 4B6. 
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Aluminum chloride in chlorobenzene, but not in nitrobenzene, at not 
over 60®, removes the isopropyl group fnim carvacrol and its acyl deriv- 
atives.^* Carvacrol is transformed into o-cresol in 60 per cent yield: 


Clla ciu 



riI(rHa)a 


The isopropyl group is even more readily removed from thymol, a 92.5 
per cent yield of m-oresol being obtained by like treatment. 5-Acetyl-2- 
hydroxy-l-methyl-4-isopropylbcnzene gives 5- acety 1-2-hydroxy toluene in 
53.3 per cent yield: 

CHi CHb 


CHiCO 



OH 


O”" 

THaCO-'X/ 


cnccnoa 


The isopropyl group is also removed from other acylated carvacrols. The 
isovaleryl group is similarly removed. 

Cleavage of Phenol Ethers 

When phenolic ethers arc heated with an excess of aluminum chloride, 
cleavage occurs, with formation of the corresponding phenol: 


OR 



OTI 



In 1892, Hartmann and Gattermann investigated the effect of alu- 
minum chloride on various phenol ethers, and found that cleavage of 
anisole, phenetole, o-nitrophenetole or -anisole, o-hydroxyanisole, 
p- acety lanisole or -phenetole, p-benzoylanisole and 4-acetylnaphthyl 
ethyl ether occurred by heating them at 100 to 200° for one-half to three 
hours with at least about an equivalent amount by weight of aluminum 
chloride. It was noted by these investigators that the cleavage of some of 
the substituted phenol ethers occurred more readily than that of anisole or 

phenetole. 

Later investigations seem to sliow that the presence of a negative sub- 
stituent in the phenol ether has a favorable effect on aluminum chloride- 
catalyzed cleavage of the ether, and that reaction proceeds most readily 
with phenol ethers in which the substituent is present in the ortho- 


“H. Jolm and P. /. prakt. Chtsm. (2), I4f, IB4-170 (1M7); C. Z.. 1937 II, ^2. 

C, Hwtnuum mnd L. Qattarmann, Btr.i 25, BWl-2554 (iSM); J. Chetn. Soc. 54 (1), 152 

( 1292 ), 
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position. In effect, however, cleavage of any phenol other may be brought 
about in the presence of an excess of aluminum chloride at elevated tem- 
peratures and with long reaction time. Thus, Fernholz and Finkclstcin 
used the method for preparing the inonocetyl ether of durohydroquinone: 


OGi«Hu OH 



OriaHia Oriallaa 


The conversion was effected by refluxing the cli-cther with 1.1 moles of 
aluminum chloride for eight hours in benzene suspension. When the pro- 
cedure was repeated with 2 moles of aluminum rhloride, cleavage of the 
alkoxy- was so complete that only durohydrocpiiiione was secured. 

Methoxy-substituted diphenyl ethers are dcmcthylatcd on heating 
with aluminum chloride. If o-methoXydiphenyl ether in benzene solution 
is boiled with twdee the amount by weight of aluininuni chloride in ii 
reflux apparatus, it yields o-hydroxydiphenyl ether; o,o'-diincthoxy- 
diphenyl ether similarly yields o,o'-dihydroxyphcnyl ether, but more alu- 
minum chloride is needed for cleavage of the two methoxy- groups 
p-Methoxy and p,p'-dimethoxybiphenyl likewise undergo demethylation to 
p-hydroxy and PjP'-dihydrox>"biphenyl upon heating with aluminum chlo- 
ride in benzene or xylene, respectively.®'* 

Cleavage of alkoxy- occurs to some extent in any reaction involving 
the treatment of a phenol ether with more than an equivalent amount f)f 
aluminum chloride, the amount of dealkylation increasing with reaction 
time and temperature. Instances of this kind arc especially prevalent in 
Friedel-Crafts ketone synthesis,* and in reactions with phthalic anhy- 
dride.t In both instances a molecular equivalent of catalyst is requiriMl 
for reaction to occur, and alkoxy- cleavage may only be avoided or mini- 
mized by working at low temperatures or by reducing the time of contact 
of the phenol ether with the catalyst. 

Demethylation may occur during aluminum chloride-catalyzed halo- 
genation of alkoxy- compounds. Thus, the action of sulfuryl chloride and 
aluminum chloride on o-nitroanisole leads to the formation of 4-chloro-2- 
nitrophenol and 4,6-dichloro-2-nitrophenol.®^ 

In the resume of reactions involving alkoxy- cleavage which follows, 
no attempt has been made to review all cases in which dealkylation of 
phenol ethers occurs during aluminum chloride-catalyzed reactions. Tlic 
fact that aluminum chloride cleaves phenol ethers has offered a ready 

J^FarnholB and J. Finkdatein, /. Am. Chem. floe., fiO, 3403-2404 (1038); Bnt. Chem Abu -B, 
siF. Uiloumn and A. Stem, Ber., 39, 023-025 (1000). 

«M. Oesterlein, Monatah., 07, 81-44 (1081); Bnt. Chrm. Aha -A, 470 (1031). 

* See page 202. 
t Sep page 620. 

Gnurlim and 0. Knraht, /. pnUct. Chem. (2), 74, 02-111 (1000); /. Chem. floe. Aha., 90 (Hi 
0U (1000). 
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method for the preparation of difficultly obtainable phenolic cumpoundBi 
and some representative conversions of phenol ethers to the corresponding 
phenols are listed. In spite of the fact that cleavage of alkoxy- is so 
readily catalyzed by aluminum chloride, no methodical study has been 
reported of the influence of substituents on the aluminum chloride cata- 
lyzed hydrolysis of ethers. 


Preparation of Hydroxy- Ketones 

Demethylation of phenol ethers has been frequently observed during 
Friedol-Crafts ketone synthesis.* The phenomenon has been observed 
particularly in reactions in which the entering acyl group takes the posi- 
tion ortho- to the alkoxy- group. Here alkoxy- cleavage occurs even 
under carefully controlled conditions. Thus, p-cresyl methyl ether yields 
2-hydroxy-5-mcthylacctophcnonc upon treatment with acetyl chloride 
and aluminum chloride,-^ 


COC 113 


CJla 





C’l*arO('I + WCh 

► 



on 


and similar reaction with chloroacetyl chloride results in a 50-60 per cent 
yield of 2-hydroxy-5-methyl(chloroaceto)-phcnone.““ When dimethyl 
ethers are reacted with acyl halides in the presence of aluminum chloride, 
only the alkoxy- group 0 - to the acyl groups which has entered during the 
reaction is usually denicthylated. Resorcinol dimethyl ether and bromo- 
acetyl bromide yield w-broinoresacetophenone monomethyl ether 


ClljU^/ NwOClIa 


nrCilaCOUr + AlCh ^ 


UIJjOv/'X.UH 

\/^COUU2lJr 


Acyl bill Cl Pnulnpt lief. 

c^-Methoxypropiophuuouc o-hydroxypropiophcDone 1 

2.6- Dimethoxyaoctophcnunc 2,6-dihydroxyaueiophcuone 2 

2,4j6-lVinLethoxyacetophcnoiic 2-hydroxy-4,6-dimethoxy aceto- 
phenone 7,6,3 

2.4.6- Triincthoxyaceiophonunc hydroxymethoxyacetophenonea 5 

2.4.6- TrimcthoxyucetDphriJone 2,4-dihydroxy-6-inethoxyaceto- 

phenone 8 

2.3.4.6- TctraiiicthoxyuL'eLophciione 2-hydrDXy-3,4,6-trimcthoxyaceio- 

phenone 4 


Iff'hrmceM 


1 . 

2 . 

а. 

i. 

5. 

б, 

7. 

8 . 


A. Ilobtutaon, W. Suidrock eind C. B. Ucudiy, J. Chem. Soc., 2426-2432 (1031), 

F. Mautlincr, J. prakt. Chcin,, 130, 200-292 (1034); T A . 28, 3723 

W. A. UiiLoliuia and T. S. Whoder, Current Bet., 6, 804-605 (1038); C. A., 32, B387. 

S. Uattori, Acta Phytochtm., S, 99-118 (1980); Brit. Chvm. Abs.-A, 403 (1031). 

J. Bhinado and B. Sato, /. F/iarm. Boc., /upan, 43 , 220-222 (1928); C. A,, 22, 2047 (1028). 
St. V. Koatuneoki and J. Taniboi, Brr., 32, 2280-2260 (1800) 

P. Frlcdlandcr and L. C. Schnoll, Ber., 30, 2150-2156 (1807), 

K. C. Qulatl and K. VenkataniinHn, J, Chrrn Bor., 287-289 (1036). 


* Bee page 302. 

“A. J.>nn and L. E. Gmf, /. Am. Chem, Soc„ 37, 1830-1846 (1015). 

V. Auwen, Ann., 36^ 147-182 (1000). 

” J. Tambor and £. M. DuBob, Bor., 51, 74B-751 (1018). 
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Cleavage of the alkoxy- group rarely occurs in acylations involving the 
introduction of the acyl group in the p-position to the ether linkage; it 
occurs somewhat more readily in mefa-substitution, but much more fre- 
quently in ortho-substitution. The preferential dealkylation of methoxy- 
ortho to the keto-group has offered a method for the synthesis of ortho- 
hydnnQT- aromatic ketimes, as shown in the conversions which have been 
effected by heating the indicated acyl ethers with almninum chloride (hcp 
Table, p. 727) . 

The cleavage of both methoxy- groups, as reported in the case uf 
2,6'dimethoxyBoetophenone, is unusual. However, there has been much 
discussion of the products obtained from the reaction of resorcinol dialkyl 
ethers with acetyl chloride in the presence of aluminum chloride. For 
example, Glaus and Hutli report the formation of a dihydroxyaceto- 
phenone (m.p. 178°) from resorcinol diethyl ether and acetyl chloride, 
and Eijkman and his co-workers ^ suggested that the product was 2,4-di- 
hydroxy-l,5-diacetylbcnzene (m.p. 183) ; 


CUiCO 




COClli 

on 


V 

UII 


but Mauthner'"’ was able to secure only one dealkylated product, 
2-bydroxy-4-ethoxy-l,5-diacetylbenzene. 


cocu» 



OCiHi 


Another unusual case of alkoxy- cleavage is the formation of 3,5-dihy 
droxyacetophenone from tlie corresponding methoxy- compound: 


COCUi COCUi 



The conversion was effected by heating 3 g of the ether with 10 g ol 
aluminum chloride in 30 cc of chlorobenzene; 1.8 g of the dihydroxy* 
ketone was secured.*^ The fact that so great an excess of aluminum 


>A. Oua and M. Hiith, /. prakt. Cktm. ($}, S3, 31-41 (ISM); /. Chtm, Bee. Abi, 73 (D. ^ 
F. Etikaua, F. B«fS«w and J. T. Hninni, CAm. Weehblad, 2, 43-71, 73-33; C. 2., 1W5 I, 

n4-nT. 

F. Mairthatr, /. vnM. Chen., tit, 311-314 (1338); C. Z.. 1131 11, 1331. 

•>F. MhKIuiv, /. prakt. Cheat., Ill, 174-373 (1337); C. A.. 21, 1133. 
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chloride was used and that the yield of the dihydroxy- ketone was only 
moderate, however, indicat^n the diffirulty of hydrolyzing two methoxy- 
groups in me/a- poKitions to the ketnnic Fubstituent. 

That eleavagp of phenol etherR affords a method for the preparation of 
a large variety of hydroxy- ketones has been shown by von Auwers;'*^ 
who prepared the following hvdrox>"- ketone? by heating the correspond- 
ing ethers with aluminum chloride: 

m.p. (*0) 


p-Hydronyiaovalerophenone 97-98 

7 >-Hydroxypalinitophenonp 78 

3'-Nitro-4-hydroxybenzophrnonp 173 

l-Nitrn-4-hydroxybpnzophpnoiip 115 

3-Methyl-6-hydroxyprDpiophenone —2 

3-Mpthyl-0-hydroxy-rj-butyrophrnoiip 34 

3-Mpthy]-6-hydroxy-4'-nitrobenEOphcnone 142-143 


In a subsequent study,®® he noted that 4'-nitro-2-methoxybcnzophenone 
was more readily cleaved than the 4'-nitro-4-methoxy isomer. 

Alkoxy- Cleavage in Eetonic Heterocyclic Compounds 

It has been found that when a polymctliox>’^flavnnp is subjected to the 
action of aluminum chloride, under mild conditions only the methoxy- 
group ortho to the carbonyl is demethylated.®^ Thus, treatment of 
7-hydroxy-5,8-dimethoxyflavone with 0 75 mole of aluminum chloride 
yields 5,7-dihydnixy-8-inethoxyflavone;®'^ but with 1.5 mole of aluminum 


OCHi 


HO 


A 





.CH 


OCHs 

1 ^ 
oiTv/^ / 

1 I II 

.PH 





OCH* 


OH 


O 


chloride demethylation of both alkoxy- groups occurs, with formation of 
6,7 ,8-trihydroxyflavone. 

Demethylation of 6-nitro-7-methoxy-4-methylcoumarin has been 
effected by heating 1.5 g of the compound with 4 g of aluminum chloride 
at temperatures gradually increasing to 150° for three hours.*® Here the 
alkoxy- group is not adjacent to a carbonyl group, but it is ortho to the 
nitro- group, also a negative substituent: 


"K. V. Auweri, Ber., H, SSM-SSM (1898). 

~ K. V. Auwvi, Ber., U, 9898-8908 (1898). 

■E. Vnkzterunan and BhidarwaJ, Cwreni 8cu, 2, 60 (1984). 
■ R. C. SluiK C. R. Mehtm, 

iTi N. u. Ri 


„ and T. R Wheder, Current Sci., 6, 608 (1988); C. A., 32, 08U; tja 

X. S. Ekntt, /. Chem Hoc. nw?' 

uuftwa, J, Phartn Soc /opfln., 821-4 (in GermMi, 190-8) (1980), 


C. Brown, nnd 

aim^DzyStvoiM, uid K. Nakanwa, .. — ^ , 

A, Ht lOlT, for alkoxy olnavoge in O-hydroxy^O-methintyllavonB and other flavtnwa. 

••D. Ohakravarti and B. O. Banerjee, /. Jndmn Chwm, floe., 14, 87-88 <1987); C. A., 31, 8840. 
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cHitOy/^\y ^c==o 


V 


Ola 


Ainu 


HO 

NOa 


O 

' ^ C=-0 


c 


Ola 


Aluminum chloride readily removos the methyl group from 4-chloro-l- 
mrthoxyxanthone 


onia 


CO 



n 

Cl 


on 


CO 



Cl 


Aluminum chloride at 200" dcinothylates nibiadin methyl ether to 
mbiadin '**: 

o 

II vn 
c I 

\,Cr!a 
/^OH 



o 

Demethylation with aluminum chloride has also been extended to the 
chromone group.^” Chrysin dimethyl ether in nitrobenzene Kolution with 
aluminum ehloride i.s partially demethylated to lectochrysin, 

II 

I 

c o 

/ / \ 

CllaOC C C . Calf a 

II I II 

lie C CII 

c c 

I II 

OH O 


Alkoa^y- Cleavage in Azo- Compounds 

Ethers of hydroxyazo- compounds are readily hydrolyzed by treating 
them with aluminum chloride.^® When o-anisylazo-^S-naphthol is heater! 
for a short time at 120-130° with 4 or 5 times its weight of aluminum 


"A. Eckert and G. Endler. /. prakt. Chem. (t), 104, ll-lOl (1B22); /. Chvm. Soe. Ab»., 122 (D 

■"P. Mittcr and H. Biawu, /. Indian Chem. Soc., 7, B29-B41 (1030); Bnt. Chrm. Aha -A, 225 
(1331). 

»K. O. Qulaii and K. Venkataronian. 7 Chem. Boe., 267-263 (1386). _ ^ .. 

*®Q. Obarrio' and P. FcUecrini, Atti. acad. Sei. Tonno, 46, 378-381 (1313); 7. Chem. Boc. Amt 
104 (1), 1247 (1918). 
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chloride, and the reaction mixture boiled with dilute sodium hydroxide, 
the sodium salt of o-hydroxyphGnylazo-/3-naphthol is obtained, which 
can be converted to o-hydroxyphenylazo-j0-naphtlioI; conversion of the 
ether to the hydroxy- compound thus proceeds : 


OCUb OLl 



o-Phcnetyl-, p-aniayl-, and p-phenctylazo-jS-naphthol behave similarly. 

N-Methoxy-substituted triazoles undergo similar cleavage; naphtha- 
Icnc-N-p-aiiisyltriazole yields the corresponding hydroxy- dcrivative.^^ 




N" 


NColii . OH 


Oberlin reports the use of aluminuTu eldoricle for the hydrolysis of 
alkoxy- groups in alkaloidal eheiiiistry. l^apavcraldinc, having four 
alkoxy- groups, heated in intimate admixture with aluminum chloride 
yields papaveraldolinc: 

H H 

I I 

c 

\ 

HOC C ClI 

nor N 

c 

I 

H 

3,4-(HO)aCBHBCU 

Alko^- Cleavage in o-Amino-Phenol Ethers 

o-Aminoalkoxy- phenols of the type B may be secured from aromatic 
o-aminoalkoxy- compounds of the type A by licating the latter with alu- 
minum chloride in an organic solvent like benzene, cyclohexane, or ani- 
line at temperatures up to 100® : 

AlCb^ 

A B 

(one X is an alkoxy- group; Ihr other X's are alkyl, 
alkoxy-, halogen, or hydrogen) 

2686 *^‘'*'”^** » ^ M2-641 (1914); AOi. uccnrf. »n. Tornw, 49, 407-607; C. A., 8, 

** M. Obfiriin, Arch. Pharm., 265, 256-278 (1927) ; C. A., 21, 1988. 
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Thus, 2,5-dimetboxy-3-aminobenBene yields 4>methoxy-2-aniinopheQol^'': 


O OCHi 
NHi 

Other alkoxy o-aminophonols include the following: 

4-ethozy-2-aminophenol 2-amlno-5-bromo-4-iiiethoxyphenol 

4,5-diinethoa[y-2-aininopheiiol 5-inethcay-4-chloro-2-aininophenol 

5-cshloro-4-meUioj3r-2-4iniiiophenol 5-methyl-4-niethoxy-2-aininophcnol 

Alkoxy- Cleavage of Halogenated Phenol Ethers 

Hayashi ** noted that alkoxy- cleavage occurred during reaction of 
0 - or p-chloroanisole with a number of acyl halides in presence of alu- 
minum chloride in sj/m-tetrachloroetliane at 120-130°. As noted below, 
the yield of hydroxy- ketone is greater when Ihc entering aryl group gnrs 
ortho to the alkoxy- : 


Ether 

ci-Chloroanisolc 

Acid Haltdee or 
Anhydride 

bcnxoyl chloride 

p-Ghloroanisole 

benzoyl chloride 

o-Chloroanisole 

o-toluyl rhloridc 

p-Chloroanisole 

o-toluyl eliloride 

o-Cbloroanisole 

m-toluyl chloride 

p-Chloroanisole 

7n-ioluyl chloride 


Hy[lrox> - Proilurt 

% YiHil 

3-chlorf>4-hydroxybcnzo- 

phenone 

48.3 

5-chl f>ro-2-hy dr oxybeuzo- 
phenone 

eo.5 

3-chlDro-4-hydroxyphenyl 
o-tolyl ketone 

25 

5-chl DrD-2-hydroxyphcnyl 
o-tolyl ketone 

49.7 

3-chl oro-4-hy dr oxypheny 1 
m-tolyl ketone 

14.7 

6-chlorn-2-hydroxyphenyl 
m-tolyl ketone 

63 

(the Bole 
product) 


The conversion of fluorophenol ethers into fluorophenols is smoothly 
effected by means of aluminum chloride. When 27 g of o-fiuoroanisole is 
treated with 70 g of aluminum chloride in 70 cc of benzene, and the mix- 
ture is heated on a water-bath for three hours, a 75 per cent yield of 
o-fluorophenol is obtained.**’ Similarly, the following fluorophenols in the 
indicated yields have been prepared from the corresponding methyl 


ethers: 

Phentdfl % Yield 

p-Fluorophenol 6S 

m-Fluorophenol 95 

2-Flii or o-4'-hydroxy diphenyl ethnr 55 

2;3'-Difluoro-4'-liydroxydipheDyl rtlier 93 


Blit. P (igS7) tij 1. Q., Fniidi P. aM,127 (IBM) iu 1. U.; C, W I. 3M7. 

««M. lIuyuHlii /. imiAr. Cixem. (2), 123, 291-312 (1929); Br,i Ah» -A, M (IWO). 

«a. Soliiccfuiuiip W. WiDknlmQIler, £ ' * '' 

Chvrn,, 143, 18-28 (1936) ; C. A., 29, 7968. 

(1381); C. M. Suter, £. J. Laweon usd " 


, 123, 281-312 (1929); Brti (*hm. XbN -A, 89 (IIHIO). 

B. Uawlar, B. Liv, U. WkSibCS and M. Sqrluui, { r'\[. 
U. CL O. Bdtimann and Kuhna, Z. phunk 
1 P. O. Smith, /. ilin. Chun. So*., <1, IM-IU (IHV) 



EFFECT OF AWMINVM CHLORIDE 


733 


Alkoxy* Aryl Aldehydes 

Of interest is the fact that demetliylation of unsaturatcd aralkyl alde- 
hydes may be brought about by treatment with aluminum chloride. 
7 j-Mcthoxycinnamaldchydc yields p-hydroxycinnamaldehydc 


HO 



CH : CHGHO 


Hydrolysis of Bstera 

The hydrolysis of esters has been noted to occur during attempted 
Fries rearrangements. Thus, when a mixture of phenyl chloroacetate 
with 1.1 moles of aluminum chloride is allowed to stand for 24 hours^ the 
sole products arc the free phenol, monochloro acetic acid, and the 
unchanged ester,^^ The hydrolysis of the benzoate of 4-hydroxy biphenyl, 
together with some Fries rearrangement, has been noted upon treatment 
of the ester with aluminum chloride in tetrachloroethane.^^ In another 
instance of attempted rearrangement, 5-acetoxy-2-methyl-3-acetylchro- 
mone was converted not to the expected Fries migration product, but to 
5-hydroxy-2-methyl-3-aretylchromone.'*® 

Since the presence of a carboxy- group in the nucleus prevents Friedel- 
Crafts substitution, attempted acylation * of esters has often been 
reported to result not in the production of a substituted ester, but in the 
hydrolysis of the ester and possibly subsequent Friedel-C5rafts reaction 
of the resulting phenol. 

Norris and Klcmka have shown that ethyl 2,6-dichlorobenzoate is 
converted in 92 per cent yield into the acid and ethyl chloride when 
heated with aluminum chloride at 110°. Ethyl benzoate and ethyl acetate 
require higher temperatures for hydrolysis.®^ 


B. Takn, Y, Bftkato and M. Ono, Bull. Inti. Phv* -Chem RBasarch (Tokyo) 17, 210-225 (1938); 

r. A., 32 , 7eu. 

"K. V. Auwein Riirl W. Mbubb, Ann., 464, 293-311 (1928). 

** D. Hey nid E. R. B. Jeckeon, /. Chem. Sac., BO8-BO0 (1986) 

G. A. Kelgnr uid D, B. Limuye, BasSyanam, 1, 00-64 (1930); C. Z., 1937 I, 2508 


*See page 864. 

“ J. P. Ncnfifl and A. J. Xlemkn, /. Am. Chem. Soc., 62, 1433-1435 (1040). 
c/. J. F. Nome and P. Arthur, /. Am. Chem. Soc., 62, 374-7 (1040), 



Chapter 17 

Anhydrous Aluminum Chloride in 
Aliphatic Chemistry 

The Friodel-Crafts reaction is generally considered as being limited 
to compounds of the aromatic series. Within the past decade, however, 
the reaction lias been shown to be applicable to numercus condensations 
between two aliphatic components. In the older literature, only isolated 
instances of this type of rondensation are mentioned. 

Generally speaking, aluminum ehloride reactions in aliphatic chem- 
istry require more careful observance of optimum reaction conditions 
than do comparable reactions in aromatic chemistry. Reactions involv- 
ing paraffins call for higher temperatures and greater amounts of catalyst, 
and are complicated by the occurrence of concurrent cracking, dehydro- 
genation, and isomerization. Reactions in which an olefin is a con- 
stituent, on the other hand, often necessitate the use of low temperatures 
and less catalyst in order to avoid resinification. In both cases, reaction 
does not go as smoothly a.^ in aromatic chemistry, and yield of definite 
product, is therefore not as great. Interest in the use of aluminum chlo- 
ride in aliphatic cheini-stiy is constantly advancing, however, becaH‘'e 
difficulties arising from lack of careful control of reaction conditions arc 
being eliminated as techniques become improved; because of the great 
availability of aliphatic hydrocarbons from petroleum sources; and 
because of the insight into the mechanism of aromatic Friedel-Crafts 
reactions which recent work in analogous aliphatic reactions has afforded. 

Although interaction of tiaraffins with alkyl halides in the pre.«enee 
of aluminum chloride has not been successful, alkylation of paraffins mav 
bt‘ effected by reaction with olefins, 

CH, CIIi 

Cll, . i . H + IIjC : CII, H.C . (fi . CH. . CH. 

in. J’H. 

and cycloparaffins undergo analogous reaction. Alkylation may he 
effected with either straight-chain olefins or cycloolefins. Cycloparaffin'' 
may be added to cycloparaffins. 

Paraffins or olefins have been condensed with acyl halides in the pres- 
ence of aluminum chloride. Dialkyl ketones are secured: 

CH. CH. 

CH. . CH. . CH. . CH. . CH, ^ . tfl . COCH. 

dn. 


7S4 



ALIPHATIC CHEMISTRY 


735 


Oyclqiaraffins also undergo isomerization during like treatment: 




c 

/ \ 

AlCla -f ClliCon^ 

IfaC Clh 

\ / 

c 

I 

Ha 


HaC- - 


Clla 


11 


I 


/-boCXIa 
C 

/ \ 

U Clla 


In the presence of a weakened catalyst, the corresponding unsaturated 
ketone is formed. 

Olefins and cyclodlefins yield unsaturated ketones when reacted with 
acyl halides in the presence of aluiiiimim chloride. An intermediate for- 
mation of saturated /a-chloroketoncs has been shown to occur; 


Clla : CHa 4 CHiCOCl 


AICU 


/ClCICClJa 


cn. 


CH2 : CH 


C=i) 


11 n 


\ 


C-0 


ch; 


Acetylene yields an unsaturaled /9-chlorokctonc: 

CIC^H : cn 


CH CH 


V\U 




C-C 


/^-Halogeiiated acid clilondes may be prepared by addition of phosgene 
to olefins, 


Viu 

■ CH. : CIIC'H. + ('Orii — *- CIHn.(^’H,C(K’l 

Hiui dialkyl ketones by addition of carbon monoxide to paraffins or cyclo- 
])uraffins. 

Acyl halides also condense with a wide misnellaiiy of aliphatic com- 
pounds. With vinyl halides, saturatinl chloro-ketones arc secured, 

CIIi : CHCl + RCOCl R . CO . CHCl . CH.C1 

which are easily dchydrohalogenated to /8-chlorovinyl ketones, 

R . CO . (311 : (3HC1 

Treatment of carboxylic acid cliloridcp with carboxylic acids and alumi- 
num chloride yields acid anhydrides. Dialkyl ethers and acid chlorides 
>nay react in the presence of aluminum chloride to yield esters. Con- 
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denBatiom of acid halides with alcohols and with nitriles in the presence 
of aluminum chloride has been stated to give keto-esters and di-imides, 
respectively. Ketonic acids may be also obtained by Friedel-Crafts 
reaction of ketones with acid halides. 

Aluminum chloride may be used as a catalyst in the production of 
esters from olefins and acids or for the formation of ethers from olefins 
and alcohols. It catalyzes the addition of olefinic oxides to halogen 
derivatives with formation of alcohols. It has been claimed to react as a 
dehydrating agent in production of ethers from alcohols, and as a hydrat- 
ing agent in conversion of alcohols to ethers. It induces isomerization of 
parafiins and cyclization of parafiSns or olefins. The widely studied 
polymerizing and cracking effect of aluminum chloride on aliphatic and 
cycloaliphatic hydrocarbons has been reserved for separate discussion.* 

Aluminum chloride is an effective catalyst for promoting the addition 
of hydrogen halide or of halogen to olefins, and for halogenation of paraf- 
fins. It has been widely used in tlie preparation of polychloro- derivatives 
by addition of chloroparaffins to chlorinated ethylenes: 

cue ; ecu + eHeu_^‘'''* eiieu . ecu . ecu 
Halogen exchange may be effected: 

(JHCl. + r.IUlJr C.II.ei + CHCUJJr 

The disruptive effect of aluminum chloride, frequently decried, hs'^ 
been utilized in controlled dehydcohalogenation, as in the formation ul 
perchloroctbylenc from pentachloroethane, 

eiieu . ecu eej. : ecu 

or in the formation of difluorodirhloromethane from two molecules uf 
monofluorotrichloromethane : 

2CCUF ceuFi f ecu 

The formation of aliphatic compounds of arsenic, nitrogen, phosphoru'', 
or sulfur may be effected by treatment of the inorganic compound will> 
an aliphatic hydrocarbon or derivative and aluminum chloride. The fui- 
mation of metal alkyls through exchange reactions effected in the pres- 
ence of Friedel-Crafts type catalysts is being investigated. 

A more thorough discussion of aluminum chloride-catalyzed reactions 
in aliphatic chemistry follows: 

Paraffins and Alkyl Halides 

The possibility of alkylating paraflSns by interaction with alkyl halide*' 
in the presence of aluminum chloride is open to question. 

* See Chapter 18 for polymeriiaiioa, and Chapter 19 for cracking. 
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Condensation of heptane with ethyl, propyl, isopropyl, or butyl chlo* 
ride in tlie presence of aluminum chloride was attempted by Nenitsescu 
and Dr&gan.^ The heptane reacted energetically with aluminum chlo- 
ride, with resulting isomerization, dehydrogenating condensation to higher 
hydrocarbons, and cracking to lower paraffins. A dehydrogenating cycli- 
zation also occurred. The hydrogen evolved reduced the alkyl halide 
present to the corresponding paraffins. The same processes were found to 
occur with n-hexane and with cyclohexane/^ Attempts to bring about 
condensation of methylcyclopentane and dodecyl chloride by the Friedcl- 
Crafte method have also been reported to be completely unsuccessful.^ 

The condensation of aliphatic saturated hydrocarbons with alkyl 
halides is covered in several patents which preceded the investigations 
of Nenitzescu and his co-workers. Although in these patents hexane is 
claimed to be condensed with ethyl chloride in the presence of aluminum 
cliloride, and at raised pressures, the nature of the reaction products, in 
view of the results obtained by the later investigators, is doubtful. 

Recently the reaction of equal quantities by weight of hydrocarbon 
residues of high boiling point with chlorinated hydrocarbons of low boil- 
ing point, such as carbon tetrachloride or clilorinated naphtha, in the 
presence of aluminum chloride has been claimed to yield a normally gase- 
ous mixture of light hydrocarbons which is composed principally of iso- 
paraffins, and is substantially free of normal paraffins and olefins.'^ It has 
also been claimed that improved lubricating oils are obtained by treat- 
ment of lubricant stock with a small percentage of aluminum chloride 
and with a low-boiling halogenatcd hydrocarbon having not more than a 
single halogen atom attached to any one carbon atom and heating the 
mixture for one to two hours at 150'' to 350" at atmosplieric pressure.^ 

Reactions of hydrogenated polycyclic hydrocarbons are discussed else- 
where.* 

Reaction of Paraffins with Olefins or Cycloparaffins 

Although the alkylation of aromatic hydrocarbons with olefins has 
been known for a long time, it is only within the last few years that the 
alkylation of paraffins with olefins in the presence of Friedel-Crafts type 
catalysts has been known. In 1935 it was announced by Ipatieff and 
Grosse that addition of paraffins to olefins takes place, under very mild 
Conditions, in accordance with the reaction, for example, with isobutanc 
and ethylene; 

* C. D, Nenitsesru »nd A. Diftflui, Srr., 66, 1892-lBOO (1938). 

'G. D. NenHacaiai uid C. I. lonescu, Ann., 491, iBO<8lO (1981). 

Soldft Md A. OonaMUier, Bbt., T2, 1168-1173 (1969): C. A., 33. 6807. 

_ /Bntiah P. 8J7,4H (1988) to J. Y. Johnson (tu 1. G.); Bnt, Chem. Ab«.-Bt 009 (1980); Frsnob 
P W9.789 (1988) to 1. G., C. A., 14, 1866. 

"U. 8. P. 8,148,080 (1989) t« H. O. Bergsr (to Hi>ooiij -Vnouuin Oil Co.); C. A., 33, 8119. 

•n. a P. 1.010,887 (1886) to E. Ayna snd H. Q. Snulh (to Gulf Refinmg Co.). 

* See Chapter V for alkylation of tetralin, acenaphthene, etc. 

''V. N, Ipntitff and A. V. Grasse, /. Am. Chem. Soc., 57, 1616-1631 (1038). 
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CUi 

+ HiC :CUi 


CUt 

H.C . ^ . CH. . CH. 

(!;h. 


With hydrogen chloride-activated aluminum chloride as catalyst the 
reaction has been shown to be a general one for both normal and iso- 
parafSns with the exception of methane and ethane.** Alkylation of 
n-hexane was effected by passing pure ethylene into 147.7 g of nearly 
pure n-hexane with addition, from time to time, of a total of 25.1 g of alu- 
minum chloride. As the absorption of ethylene slackened, a little dry 
hydrogen chloride was added to activate the reaction. After 15 hours, 
61.3 g of ethylene had been absorbed, and two layers had been formed iii 
the reaction mixture. The upper colorless layer, containing only traces 
of catalyst, consisted of saturated chlorine-free conversion products of 
75 per cent of the initially present n-hexanc. Paraffins from butane lu 
dodecanc have been similarly eonvcTted, the alkylating agents being 
ethylene, propylene, and the butenes. The reaction of isobutanc with 
ethylene proceeds with great ease; on the average, one molecule of isu- 
butane was found to condense with three molecules of ethylene. 

The complexity of the reaction products indicates that the reaction 
does not involve only the addition of paraffin to olefin. 

In most cases, further alkylation of the paraffin formed takes place. 
For instance with hexane the following occurs: 


hexane + ethylene urtanrs deranra 


Witli aluminum chloride as catalyst, the reaction is complicated by the 
following side reactions: 

1. isomerization 

2. autodestructive alkylation 

3. polymerization of olefins 

4. complex formation with aluminum chloride 

In an investigation of the action of aluminum chloride on paraffins it 
has been found * that 7i-butane in the presence of aluminum chlornlc 
shows no appreciable change below 100°, but that at 175° during three or 
four hours it was converted to a large extent into propane, ethane, and 
methane and partly isomcrized into isobutane. At this same tempera- 
ture, n-hexane, n-heptone, and 2,2,4-trimctliylpentane are completely 
decomposed. n-Hexane at its boiling point after three hours with alu- 
minum chloride and hydrogen chloride is converted into higher and 
boiling olefins to the extent of 20-25 per cent. With n-heptane in the 
presence of al uminum chloride and a small amount of water, 35-4U pcf 
cent conversion occurred within three hours at its boiling point. 2.2,4- 

•V. K. IpatM, A. v. OroM, H. Pioei, ud V. I. Sommteirdijr, /. Am. CA«m. Soc.. 51, DU' 
<M (IMS). 

•V. N. IimUtfl and A. V. Gtmw, M. Mng. Chm., M, MI-M4 (IDH). 
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Trimethylpcntane in the presence of aluminum chloride and hydrogen 
chloride is converted even at room temperature. At 25-30° in three to 
four hours about 90 per cent of it was changed into lower- and higher- 
boiling paraffin hydrocarbons. 

The study showed that branched or long-chain paraffins are most sus- 
ceptible to aluminum chloride and that hydrogen chloride, present either 
by direct addition or by formation from water and tlu' catalyst or from 
the catalyst and the paraffin at high temperatures, is necessary. 

"Autodestructivc” alkylation, as described by Ipatieff and co-work- 
ers consists in the splitting of a paraffin into a lower paraffin and an 
olefin, and the alkylation of another molecule of paraffin by the newly 
formed olefin with formation of a higher paraffin With isobutane and 
ethylene under pressure at room temperature in the presence of aluminum 
chloride the following products were obtained 


Product 
Isupcntane 
Hexanes 
Hpplanps 
Octanes 
Nonanes 
Higher paraffins 


Vr.l % Yield 
16.0 
41.0 
94 
12.3 
6.5 
14.8 


About 80 per cent of the hexane fraction was 2,3-dimethylbutane. 
Autodestructivc alkylation was probably responsible for the formation 
of isopentane. Assuming the preliminary formation of octane, the pro- 
duction of isopentane in the reaction may be according to the scheme: 


(1) CiHii — ► CJIi, + C.Ha 

(2) CiHi. + CiH. — ► C.iH.4 

(3) 2C.Hi. — ► TiiUi. 4 OiilIi4 


The isopentane may also have been caiused by the reaction of the cleaved 
propylene with isobutane to give heptane, which in turn was decomposed 
into isopentane and ethylene. 

Ipatieff "has advanced a probable mechanism for the alkylation of 
paraffins with olefins which involves the reaction of the paraffin with an 
aluminum chloride-olefin complex: 

AlCh +iC9ll4 - ClCHtCILAlClg 
(CHb), . CH + ClCHiCIIaAlCb - (CH.)i . C . CHiCHaAlCb + HCl 
(CHi). . C . CHiCHiAlCli + HCl ^ (CIT.). . C . CHaCH. + AlCla 

Although the reaction is general for n- and isoparaffins, the lower paraf- 
fins do not take part in the reaction. According to Ipatieff, the reason for 
this may be that a tertiary carbon atom is necessary for alkylation to 
occur.^i Since methane, ethane, and propane do not possess tertiary 
carbon atomSi and cannot be isonierized to compounds which do, their 

(liwir *P®**^' A. V. Qrome, IT, Pinpa, and V. I Komarewsky, / Am Oum, Sor., 913-015 
V . N . Ipatioir, Dii Ofu Journal , 37 ( 48 ). 86-98 ( 1930 ). 
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resistance to alkylation may be acoounted for on this basis. The prc6- 
enoe of a tertiary rarboii atom assures the presence uf Uie labile hydrogen 
atom necessary for the addition, and thus may make possible the result- 
ing rmidensation. 

Noting that the presence of a tertiary carbon atom seems especially 
favorable in Friedel-Crafts condensations, Nenitsescu and his co-work- 
ers had investigated the Friedel-Crafts acylation of methylcyclohexane, 
which has a tertiary carbon atom. Here only a 5-carbon ring ketonr 
was obtained. 


Hi 

1 

C 

HiC CHi 

1 1 

‘9“* CHiCOCl + Airily 

"•r ^ corn 3 

HiC 

CHi 

1 1 IT 

n«c cx"„ 

H.r (XcH 

\ / 



C 

c 

c 

/ \ 

/ \ 

/ \ 

H 

GlJa 

II CHi 

H CH. 


If tendency for reaction had been a specific property of a tertiary carbon 
atom, isomerization preliminary to condensation would not have occurred 
Contrary to the hypothesis expressed by Ipatieff, that the tertiary carbon 
atom is necessary fur alkylation, the tertiary carbon atom appears not 
to be a prime requisite for acylation. The mechanism of Friedel-Crafts 
acylation of paraffins is pretty well shown by Ncnitzescu and co-workers ’ ' 
to consist of a primary formation of olefins. The dehydrogenating action 
of aluminum chloride is well known. It is evident in the aluminum chlo- 
ride-catalyzed Scholl reaction,* in the Anschutz anthracene synthesis,^ 
and in dehydrogenation-hydrogenation phenomena observed by Ncnit- 
zescu and Isacescu’* in the reduction of certain metal halides by the 
hydrogen resulting from the action of aluminum chloride on cyclohexane 
It is suggested by Nenitzescu that probably in aliphatic alkylations 
there may be a primary dehydrogenation of paraffin to olefin. However, 
since it has been impossible to isolate the primary olefin in either Friedel- 
Crafts aliphatic acylations or alkylations, the views expressed are merely 
hypothetical. 

The alkylation of paraffins by olefins in the presence of aluminum 
chloride has been covered by several patents. It is claimed that hyilro- 
earbons, such as propane and butanes, are alkylated by olefinic hydro- 
carbons such as propylene and butenes at between —60® and -1-75“ m 
the presence of aluminum chloride and hydrogen chloride. A pressure 
sufficient to keep the reacting compounds liquid is used.^* A moleculiu 

VO, D, NaltMHO, B. CiorueMu, uid I. F. CMitunuri, Bw., DT-M (HIT). 

»0. D. Nanitaosn tod I. ChioM, Bar,, m, UM-IMT (HU). 

*See page 049. 

tSee pan 111. 

^C. D. lo^tmeu and D. A. laaeaiou, Btr., If, UM-UBB (IBM). 

u O. D. KwaiUmm, Angw. Ohmmv, S3. Bl-M (IBN). 

»Frmb P. B»ABS (1B8I) to Uniynl OU Prodnota Go.; C. d,, 33, MSI. 
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excess of the paraffin relative to the olefin is maintained during the 
reaction.^^ Thus, n-butane and propene in weight ratio of 3 to 1 are 
forced into an autoclave containing 1 part by weight of aluminum chloride 
and 0.1 part hydrogen chloride at 65° and 150-200 Ib./sq. in. of pressure. 
PropanCi the alkylation of which has not been effected under ordinary 
conditions, may be alkylated in the presence of aluminum chloride and 
under pressure. In this case, a 3 to 1 mixture of propane and olefin is 
forced into a vessel containing 2 parts aluminum chloride and 0.2 part 
hydrogen chloride at 70°C and 600 Ib./sq, in. of pressure. 

Temperatures of below 0° are used in the production of hydrocarbons 
of gasoline boiling point range by the alkylation of isobutane with 
olefins.^’’ Small amounts of hydrogen chloride may also be used in the 
reaction.^*’ In an example,-^ granular anhydrous aluminum chloride was 
placed in a reaction vessel which was cooled to a temperature of —30°. 
To activate this material, a total of 2 parts by weight of an equal mixture 
of isobutane and isobutene was contacted with it. Leaving the activat- 
ing hydrocarbon mixture in place, the liquid mixture of isobutane and 
propylene was contacted in such a way that the charge entered below the 
surface of the hydrocarbon liquid containing the suspended aluminum 
chloride, while reaction products were siphoned from the reaction vessel 
at a sufficiently high level to avoid removal of the catalyst particles. 
The charge consisted of approximately 77 per cent of isobutane and 23 
per cent of propylene, calculated on a gas basis, and a steady feed of a 
small amount of hydrogen chloride was maintained during the run. Oper- 
ating under these conditions, 3250 volumes of isobutane-propylene mix- 
ture produced 650 volumes of liquids boiling within the ordinary range of 
commercial gasoline or up to approximately 225°C. 90 per cent of the 
total liquid products boiled below 220°C. 

An improved process for the production of gasoline boiling-range 
hydrocarbons comprises the alkylation of isobutane with n-butenes in the 
substantial absence of isobutene, and in the presence of aluminum chlo- 
ride at temperatures of 0° or below.-- 

The alkylation of isobutane fur the production of motor fuel is of 
commercial significance because nf the high antiknock value of the result- 
ing product, and because the olefinic constituent may be a mixture of 
olefins with one another or with inert gases, for example, petroleum crack- 
ing gases,^* 

It has been reported that cyclohexene readily reacts with paraffins 
in the presence of aluminum chloride at room temperature. The scheme 
of the main reactions which take place is described as follows: 


T, 497, 7BJ (1988) to Univonal Oil Pioducts Co.; ChctnunU Trade Journal, 879, Maroh 

17, 1989, 

? OU Gm Journal, 57 (49), BB-9S (1939). 

”U. B. P. 8,113,846 (1988) to V. N. Ipfttioff uiU H. PiniM (tii Unuereal Od ProducU Go ). 

. "Froneli P. 888J198 (1988) to Univeraal Oil Products Co., C. A., 52, 5918; Uiitidi P. 496,378 (1988) 
Univarwd Oil Products Co.; /. Jnet, Petr,, 25, 59A (1989) 

‘U S. P. 3,118,847 to V. N. Jputieif and 11 Pinw* (to Univcr'iiil Oil Pii>duutii Cu.). 

H. P. 2,170,109 (1989) to V. N. IpatielT and If. Phiun (to Univernttl Od Producis Co.). 

-“Brit. P. 499,378 (1038) U» lliiiM’rsal Oil Produrth, V. A . 33, 3189; for a stmly of tho luw* of 
uwbls ohloride of almninuin and alkali mstals, e,g., NaAlCI^, in tins rniotion see F. H. Blunck and 

" B. PIms, Paper preaanted at April, 1998, mestins of American Chsmieal Sooiety, DallH, Texas. 
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The ft?rf-butylcyclohexano, which in probably formed first, undergoes 
isomerization into dimethylethylcyclohexanc. Another side reaction con- 
sists of the condensation of the alkylated cyclohexane with the cyclo- 
hexene to yield alkylated dicyclo- compounds. Hydrogenation of some 
cyclohexcne also occurred. The hydrogen necessary for this may have 
been supplied by the dehydrogenation occurring during the condensation 
of two molecules of alkylated cyclohexane, and by the evolution of hydro- 
gen occurring during formation of compounds of the composition CnH2n 
which were found in the catalyst layer. 

Saturated alicyclic compounds, for example, cyclohexane, have been 
alkylated by olefins in the presence of aluminum chloride.^^* The reac- 
tion is similar to that of paraffins with olefins. The main products of the 
alkylation of cyclohexane with ethylene arc not ethylated cyclohcxanct', 
as would be ex]>ected from the fact that benzene reacts with ethylene to 
give ethylbenzenes, but isomerization products of ethylated cyclohexane^, 
namely dimethyl- and tetramcthylcyclohexancs. Ipatieff-® suggests the 
following scheme of reaction: 
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•V. N. V. I Romarewikv, mtid A. V Gronw, J. Am, Cfvpm. 3oc., 57, 1732-17M 

■ V. N, Iimtieff, Chi Otu Journal, St, fl0-INI (IVSV). 
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The reaction thus probably involves the preliminary isomerization of 
cyclohexane to methylcyclopentane, introduction of the ethylene into the 
methylcyclopentane molecule, and a shifting of the methyl groups with 
derangement of the cyclopentane structure. Each step of the foregoing 
scheme has been shown to take place with pure compounds. 

Cyclopentane cannot be alkylated with ethylene in the presence of 
aluminum chloride. This fact lends some weight to the hypothesis that a 
tertiary carbon atom is necessary for alkylation to occur, since aluminum 
chloride can have no isomerizing effect on cyclopentane to form a ter- 
tiary carbon atom. Another point in favor of this hypothesis is the fact 
that boron fluoride, which is known not to isomcrize cyclohexane, does 
not catalyze alkylation of cyclohexane with ethylene. This may be due 
to the fact that preliminaiy' isomerization to a compound containing a 
tertiary carbon atom is necessary for alkylation to occur. Methylcyclo- 
hexane and methylcyclopentane, which do possess tertiary carbon atoms, 
arc readily alkylated by ethylene in the presence of aluminum chloride 
or boron fluoride. 

The alkylation of cyclohexane with ethylene is of sufficient interest to 
warrant rather detailed description. Cyclohexane (295 g) was heated on 
a water-bath to 50-60°, and then saturated, with vigorous stirring, with 
eth^dene and hydrogen chloride. Upon addition of 30 g of aluminum 
chloride, the absorption of ethylene began. Ethylene was passed into the 
reaction mixture at the rate of 4-5 liters per hour for 13 hours. Every 
hour hydrogen chloride was introduced for one-half hour. Additional 
aluminum chloride was added twice during the experiment, 7.5 g being 
introduced each time. The reaction product consisted of 326 g of clear 
liquid layer and 67 g of a pasty catalyst mass. The liquid layer was 
separated into a fraction b. 70-90° and another fraction b. 90“ and higher. 
The fraction b. 70-90“, w’eighing 155 g, enn'^isted of unreacted cyclo- 
hexane and its isomer, methylcyclopentane. The fraction b. 90° and 
higlier, weighing 162 g, consisted of the alkylation products. m-Dimethyl- 
cyclohexane and tetramethylcycloiicxane were found to be present in 
this fraction. 

From the catalyst layer there was isolated an interesting by-product, 
hpxacthylbenzene. This indicates an intermediate fonnation of hexa- 
ethylcyclohexane. Ethane w’rs also one of the by-products; the hydrogen 
necessary for the conversion of ethylene into ethane may have resulted 
from the dehydrogenation of hexacthylcyclohexane to hexaethylbenzene. 

Alkyl derivatives of hydrocarbons, useful as fuels and lubricants are 
claimed as products of the reaction of paraffins or naphthenes with cyclo- 
paraffins containing less than 5 carbon atoms in the ring.“'’^ Aluminum 
chloride is used as catalyst, and the reaction is performed at —40® to 15® 
in the presence of hydrogen chloride. In this way cyclopropane has been 
reacted with methylcyclohexane at about —10® to give l-methyl-3- 
propylcyclohexane (b,p. 166.5-168.5°/745 mm) in 40 per cent yield and 


(JMO) to A. V. Oipfum (to Umversiil Oil PiMlucts Co.); C. A., 35, 


A.. 33. 3809; U. S. 
1905. 
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a dipropylmethylcyolohexane in a 20 per cent yield. At 16°, the same 
products arc obtained in 50 and 25 per cent yields respectively, and hexa- 
propylbenspnr is also obtained in a 5 per cent yield. 

There is observed bore the deeycloalkylation reported by Groese and 
Ipatieff^ in the reaction of cycloparaffine with aromatic hydrocarbema. 
Hie smoothness of the reaction depends, of course, on the stability of the 
i^olpparaffin; because of the instability of the cyclopropane and cyclo* 
butane rings the reaction proceeds with easy decyclisation of the ring and 
simultaneous alkylation of the more stable hydrocarbon component 
present. With cyclopropane and methylcyclohcxane it probably occura- 

H CHi 
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The production of hexapropylbcnzcnc at the higher temperature indi- 
cates dehydrogenation of some of the ryclohexane under the influence of 
aluminum chloride at this temperature. 

Synthetic lubricants have been secured by condensation of hydni- 
aromatic hydrocarbons with olefins and aluminum chloride at 180-200 
in a rotating Bergius autoclave. Decalin, hexabydropseudocumene, and 
hexahydromesitylene condense smoothly with amylene under these con- 
ditions.** 



Reaction of Paraffins with Acyl Halides 

Butane, pentane, and hexane have been shown to react with acyl 
halides in the presence of aluminum chloride to give low yields of ketone'< 

In 1036 Hopff and his co-workers reported that if acetyl chloride 
is reacted with n-butane and aluminum chloride in the cold, the reaction 
product is acetylacetone, doubtless resulting from the self-condensation 
of the acetyl chloride. If the reaction is allowed to proceed at 60-60 , 
however, methyl isobutyl ketone is one of the reaction products. Upon 
beating 700 g of n-butane, 500 g of aluminum chloride, and 320 g cf 
acetyl chloride for fifteen hours at 60°, there was obtained 70 g of a froc- 
tion b. 80-136° from which methyl isobutyl ketone (b. 117-118°) wofc 
isolated. Isobutane reacts under similar conditions to yield the same 
product 

In a preliminary investigation Hopff** reported that reaction m 
n-pentane with acetyl chloride and aluminum chloride gave 2-aci’tyl- 


■ A. V. OroM Hid V. N. limUiS, / Orgmne ChumiHfir, 1. 44T-4H (UST). 

*A. D. PetroWi Cliimtja tw^ooo rppiiii>o« B, Bltt-MI: C. Z„ IM I. lAli ^ /soaiii 
Hopff. C. D. NflUtMM, D, Ai Imummu, uid I. P. C^tunlan, Bir„ fl» 

«H. Hopir. Bfr.« H irat-ma ciasi); c. a „ m , loa. 
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pentane. Subeequently Nenitzeacu and Chioos showed that the reaction 
product was in reality methyl isopropyl acetone. The formation of this 
ketone was attributed by these investigators to occur according to the 
reaction scheme: 


CU,.CHi.CHi.CU>.CU. 
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The formation of this product depends upon the presence of sufficient 
hydrogen to effect simultaneous hydrogenation and dehydrohalogenation, 
the hydrogen being supplied by aluminum chloride-induccd condensa- 
tions. If the catalyst is not present in sufficient amounts, or if it is 
weakened in any way, such hydrogen is not available and the last step 
of the reaction becomes 


(CIld).,C.CH.CH. 
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For this reason the unsaturaied ketone, a-methyl-a-isopropylidene 
acetone, is often secured as a by-product in the reaction. 

n-Hexane and acetyl chloride react similarly.®* Here there is also 
first an isomerization to 2-inethylpcntane, with subsequent acetylation: 


CH. . CH. . CH. . CH. . CH. . ClI, (CH,).CH . CH. . CH, . CH. — ► 

(CH,).CH . CH . (VM t;0 . CH. 


In this case, too, there is obtained as by-product an unsaturated ketone. 
This has been proved to be a-etUyl-a-isopropylidcneacetone.®* 

The evolution of hydrogen during the action of aluminum chloride on 
saturated hydrocarbons is further substantiated in that the action of 
aluminum chloride on saturated hydrocarbons in the presence of arsenic 
or phosphorus trichloride has been shown by Nenitzescu and Isaccscu®^ 
to result in reduction of the salts to elemental arsenic or phosphorus. 

According to other investigators, however, n-paraffinic hydrocarbons 
cannot be aoetylated by the Friedel-Crafts reaction. Zelinsky and Leder- 
Fackendorff have attempted the acetylation of a petroleum distillate 


Dri 


STE'.— .... .. 

Ll. SvUniihiy aod L. Leder-Paokendorff, Aim., 311, M3-274 
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which had been freed of aromatics and cyclohexaneSi and which contained 
only paraffins and cyclopentancs. The only ketones obtained were 
6-membered ring compounds. Under the conditions used by those experi- 
mentersi the paraffins did not react. Similar treatment of 2-methyl- 
pentane and 11 -hexane also did not result in the formation of ketones. 
These contradictory reports may be ascribed only to differences in experi- 
mental conditions. According to Nenitzescu and Cantuniari tlie acety- 
lation of paraffins proceeds very slowly, being accompanied by simul- 
taneous isomerization, dehydrogenating condensations to higher hydro- 
carbons, and dehydrogenating cyclization of the paraffins. The yield of 
ketone is consequently very low. In reacting 1000 cc of n-hexane with 
300 g of freshly sublimed aluminum chloride and 150 g of acetyl chloride, 
they secured only 17 g of the fraction b. 155-1(>0’, from which the satu- 
rated ketone, a-ethyl-n-isopropylacetonc was secured through conversion 
into the semicarbazonc. At the same time there was obtained 31 g of 
the fraction b. 78-89°, from which the unsuturated ketone, a-ethyl-a-iso- 
propylidcneacetone was isolated. 

The condensation of paraffinic hydrocarbons with acyl halides in the 
presence of aluminum chloride and under high pressure is covered by 
several patents.^^ Reaction of hexane with acetyl chloride is reiuirtcd 
to yield octanone, together with other polymethylene ketones. 

Carbamyl chloride or its alkyl derivatives has been claimed ’’ to 
react with paraffins of more than 3 carbon atoms at 100-200'^ in the pre>- 
ence of aluminum chloride to yield carboxylic arid amides. Treatment ol 
n-pentanc with a molecular compound of aluminum chloride and cai- 
bamic acid chloride and subsequent heuiing lor twelve liours at 130-140 
in a closed vessel yields a caproic acid amide: 

C»H.. + ClCXJNHi — ► C»HuCUNll. + HCl 

Reaction of Cycloparaffins with Acyl Chlorides 

Cyclohexane with acetyl chloride and aluminum chloride yields 
l-methyl- 2 -acetylcyclopentane, together with such by-products as con- 
densed hydrocarbons. The reaction was reported by Nenitzescu and 
lonescu,’^ who slowly added 300 g of acetyl chloride to a mixture ol 
600 g of aluminum chloride and 2000 cc of cyclohexane. After the reac- 
tion mixture had been stirred for three days it separated into two layers 
Frmn the upper layer there was obtained the hydrocarbon, C 13 H 221 b. 213- 
214®, and from the lower, 146 g of a yellow oil from which l-mcthyl-2- 
aoetylcyclopentane (b. 167-168®/759 mm) was secured through its senii- 
carbazone. Obviously an isomerization of cyclohexane to mctliylcyelo- 
pentane occurred under the influence of the catalyst: 

«U. 6. P. IJMjm (IB 8 S). Britiah P. 327,411 ( 1929 ), Freiiob P. 699.789 ( 1029 ). all to I. O. 
■nduitne; O, Z„ 1930 1. tXKI. 1 * 

"U. B. F. l,lM,in (ini) to H. Hupit, H. IMIonnun, and A. FnyUg (to 1. 0->; Britun 
tn,m (laM) to I. a, Bnt. Chem. Ab:-B, IH (IIM). 

•• a D. NwImnu Md C. M. JoiUMtt, dim., m. IW-llD (IMI). 
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This subsequently redacted with acetyl chloride to give the ketone: 


HaC- 
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-CHa 
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+ CHaCOCl 
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CO . CHa 


When acetyl chloride wan added to a mixture of cyclohexane and alu- 
minum chloride held at —18°, and the reaction mixture was kept at 20-22° 
for six days, and then at 28° for eight hours, Unger®” reported that the 
unsaturated ketone, 

HaC^ -CHa 

I 

HaC C . CO Cllii 
\ 

C 


CHa 


was also one of the reaction products. F^volution of hydrogen chloride 
was marked only at the higher temperatures. 

Ncnitzcscu and Cantuniari ■*” have shown that this compound is 
formed only if reaction is retarded. They found that, if commercial 
'‘anhydrous'' aluminum chloride is used, the unsaturated product reported 
by Unger is secured; when freshly sublimed catalyst is employed, only 
the saturated ketone is formed. Catalyst poisons, for example, com- 
pounds with which aluminum chloride forms a molecular complex, simi- 
larly affect the course of the reaction. Since aluminum chloride forms 
complexes with nitrobenzene, or ketones like acetone, the course of the 
reaction in the presence of these substances results also in the formation 
of the unsaturated product. 

In the presence of sufficient quantity of cither acetone or methyl ethyl 
ketone, the reaction may be directed so as to give practically only the 
unsaturated ketone. It was also found by these workers that unless an 
excess of the catalyst is used, the reaction yields a mixture of the satu- 
rated and unsaturated ketones. 


Sr S’ I. P. 'cSftuniari. Bar., 61 1449-14M (1J32). 

C, D. KenltaaHiii Md I, P. Cniituniari, Ann.i 269-279 (itt4). 
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The influence of a weakened catalyst on tl\e type of product obtained 
in the reaction between cyclohexane and acetyl chloride can be explainoil 
by an understanding nf the mechanism of the reaction. In the preparation 
of the saturated ketone, I he formation of condensed hydrocarbonn occurs. 
Methylcyclopentane formed by the isomerising action of aluminum chlo- 
ride condenses with itself to form the hydrocarbon, CiaH 22 , with libera- 
tion of two hydrogen atoms: 


H,o— CH* 

1 I 


HaC CHi 


/ \ 


II riTa 


Airily 


HaC -CHa HaC CHi 

naC CH HC CHa 

\ / \ / 

r c 

/ \ / \ 

II CHa IT Clls 


+ 2H 


The labile hydrogen thus formed is needed fur the formation of Iho 
saturated ketone. It is not available unless a sufficient quantity ol 
aluminum chloride is present to allow formation of the hydrocarbon, 
Ci 2 H 22 , and more highly condensed hydrocarbons. 

The formation of the saturated and/or the unsaturated ketone is 
believed by Nenitzescu and Cantuniari to occur according to the 
mechanism: 
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Airia. 
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^^CO.CHa 

llaC OCjJf. 

\/ 

c 


C 

/ \ 

/ \ 

CHa 

Cl 

11 CHi 


If the hydrogen is not available for the last reaction, however, there 
only a dehydrohalogenation of the chloro-ketone, 


HiC CHf 

c 

/ \ 

CHa Cl 


HaC- -CHa 

I 

HiC C . CO . CHa 

\ ^ 

C 

1 

CHa 


and the unsaturated ketone is formed. 
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Previously, Hopff^^ had reported that the reaction of cyclohexane 
with acetyl chloride and aluminum chloride resulted in formation of 
acetylcyclobexane. Upon publication of the work of Nenitaescu, how- 
ever, he repeated the preparation and found that in reality the product 
was l-methyl-2-acetylcyclopentane 

The presence of a small amount of water in the reaction of acetyl 
chloride or benzoyl chloride with cyclohexane has been observed to result 
in the formation of some acetaldehyde or bonzaldehyde, although pure 
anhydrous aluminum chloride catalyzes the production of l-methyl-2- 
bcnzoy Icy clopentane : 


c 

/ \ 

liaC CAU 

I I 

lliC’ CHi 

\ / 

C 


CilU . COCI + AlCIa 


Ha 


II2C C’lla 


llaC C< 

\ / 

C 

/ \ 


11 

CO . Calla 


H CHa 


The formation of the aldehydes has been explained by the fact that when 
a small amount of water is added to the aluminum chloride the hydrogen 
chloride liberated, effecting a higher solubility of the catalyst in the 
saturated hydrocarbon, causes increased catalytic activity. Consequently, 
enough liydrogen is evolved through self-condensation of cyclohexane: 

2CJlit — ► + 2H 

to reduce the acid chloride 


UH.COCl + 211 — ► ( .IlaCIK) + HCl 


The product obtained in the reaction of cyclohexane with acyl chlorides 
in the presence of aluminum chloride therefore depends essentially on the 
condition of the catalyst. Pure anhydrous catalyst yields a saturated 
ketone; the use of an activated catalyst leads also to the production of 
aldehyde, whereas the presence of compounds with which the catalyst 
forms molecular complexes results in a weakened catalyst which effects 
the formation of unsaturated ketones. 

The results of Nenitzescu and cn-workers have been questioned by 
Zelinsky and Tarassowa.^^^ On the basis of much research dealing with 
attempted acetylation of cyclic hydrocarbons of the C5, Ce, and C7 series, 
these investigators concluded that there is no difference in the type of 
product obtained in the aluminum chloride-catalyzed acylation of ali- 


J-ll. Hops, H a789-27« (IMl); f’. A.. 21, 1230. 

** U. HiipS, & 433-484 (1082). 

,, “C. 1). Ni*niiBeaoii Amt O. N. lunm-u, .!««.. 401, 180-210 (1031 1. ( 1). NcuiLiiubru aiid I. P. 
B«r.. OS. 144B-14JSS (1BB2) 

US- 5- »•*»»■•»•«<« ®. M. TMMWwn. Her., 6S, mi m* OBJ) i 

D. Mlaiky, /, Run. Pkt-ahtin. Soe., 30. Ml (IMS); 31, Ml (IMO); M, Ml (Utt). 
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cyclic or of aromatic hydrocarbons. Alicyclio hydrocarbons were found 
by them to pve very low yields of the corresponding acylated cyclo- 
alkanes. This conclusion was reached on the following bases: 

1. The rearrangement of cyclohexane into methylcyclopentanc in tlie 
Friedel-Crafts reaction is not always complete. It depends upon 
experimental conditions. 

2. lUaction of cyclohexane with acetyl chloride under different con- 
ditions was found to give various yields of unsaturated ketone 
Thus with one mole each of cyclohexane and acetyl chloride and 
one or two moles of aluminum chloride, the product contains about 
9 per cent of unsaturated ketone; with excess of cyclohexane it 
consists of 54 per cent unsaturated ketone. Using an acetyl- 
aluminum chloride complex the product contained 85 per cent 
unsaturated ketone. 

3. Temperature plays a large part in governing the type of product 
obtained. If it is gradually allowed to reach 70°, the product is 
almost entirely saturated; if it is kept between 18-35°, the prod- 
uct is predominantly unsaturated. 

Zelinsky and Tarassowa explained the production of saturated and 
unsaturated ketone by the fact that cyclohexane may react in two stereo- 
isomeric forms. Acetylation of the frans-form gives a mixture of 
l-methyl-2-acetylcyclopentanc, acetylcyclohcxane, and a little acetyl- 
cyclohexene The m-form, on the other hand, is easily dehydrogenated 
during the reaction, so that the product is acetylcyclohexene. 

Nenitzescu and liis ro-workers repeated Zelinsky's work and 
obtained both unsaturated and saturated ketones These, however, they 
identified as 5-carbon ring ketones; they reported that in the reaction, 
6-carbon ring ketones were not produced in any identifiable amounts 
The non-formation of 6-mcmbpred ring ketones was ascribed to the fact 
that the velocity of isomerization of cyclohexane to methylcyclopentanc 
is greater than the speed of acetylation of cyclohexane. Various deri\- 
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«C. D. NenitKWu anU I P. Oantmuun. Am, 81Q, 208-27B (IBM). C. D. NamU«ou md I 
Chiooi. Bar., f|» IW-UH (IBW). 
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atived of l-niethyl-2-acetylcyclopentane, and the unsaturated ketone, 
l-methyI-2-acetylcycloiKintciio, were prepared in order to establish the 
identity of these end-products*® 

Methylcyclohexanc also condenses with acetyl chloride and aluminum 
chloride with intermediate isomerization. The product of the reaction 
has been shown*® to be 2,3-dimethyl- 1-acety Icy clopentane, the conden- 
sation proceeding according to the scheme shown at bottom of page 750. 
The reaction proceeds as it does with cyclohexane. 

With 5-membercd rings, preliminary isomerization in Triedel-Crafts 
acylations is not apparent. From cyclopcntane and acetyl chloride 
with aluminum chloride, there was obtained acetyl cyclopcntane” which 
was identified b}' conversion to cyclopentanecarboxylic acid and to its 
amide. Methylryclopcntaiie reacts very easily with acetyl chloride and 
yields J-methyI-2-aeotyIcyrlopentanp, the same compound which is 
obtained by reaction of cyclohexane with acetyl chloride under similar 
conditions.®® 

The reaction of hydroaromatic hydrocarbons with acyl chlorides and 
aluininiim chloride under pressure has been claimed, cyclohexane with 
benzoyl chloride being specifically cited.®^ 

The condensation of cyclohexane with a molecular compound of car- 
bamyl chloride and aluminum chloride during twelve hours at 130-140° 
in an autoclave has been claimed to result in jundiiction of 1-methyl- 
cyclopcntanc-2-carboxylic acid amide®-: 
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The reaction of phenylcyclohcxane with acetyl chloride has been 
reported by Mayes and Turner.®-’ A 60 per cent yield of p-acetylphenyl- 
cyclohexane was reported. 

Condensations involving other hydrogenated aromatic hydrocarbons 
are reviewed elsewhere.* 


* C. D. Npnitnuu uid G. O. Vantu. Bull aor. dr chtmie din Honiafiia. 1B| 1-2 (IMQ); Bull. aoc. 
ehim. (5), 2, 2209 (lOU). 

**0. D. NmitMMU, E. Ciorsnaacu, and I. P. Cantimiaii, Ber., 70, 277-283 (1027). 

** C. D. NMilUawu and I. P. Cantiiniari, Ber., 65, B07-812 (1082). 

IT. 8. P. 1,100,582 (1010), Britiab P. 127,411 (1020), Fimrh P. 060,720 (1020), all to I. □. Fnrbon- 
•nrliBtrie: C. Z.. 1*30 I, 2217. 

8. P. 2,108,101 (ino) to H. lIopB, H. Kailvnwiin. and A. Frn-lBE (to I. O.): Britiah P. 
(1008) to 1. O.; Brituh Chtm. Abe.-B, 255 (1888). 

"H. A. Mayet and E. E. Tumor, /. Chrm. Son., 500-508 (1028). 

*Soe page 294. 
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Reactioii of Olefim with Acyl Halides 

In 1908) Krapivin roportod the rnndcnaation of acyl halides with 
olefinir hyrlrorarbona in the proHonco of aluniiiium chloride or aluminum 
bromide. In order to avoid formation of addition or reaction products of 
only two components, low tctni>craturca were used during siinultaneouH 
introduction of all three reactants into a solvent held at 0*^ or less 
Except with propylene or ethylene, carefully purified, dry carbon disulfide 
was used as solvent. With propylene or ethylene, commercial petroleum 
hexane was used. It had been previously freed of unsaturated and cyclic 
compotmds by treatment with potassium permanganate, and after care- 
ful drying, with acetyl chloride and aluminum chloride with gentle heat- 
ing. Varying yields of unsaturated ketones were obtained according to 
the general scheme: 

RCH : CHi + CHiCOX R . CH : CH . CO C’Ha + IIX 

In all cases saturated chluroketones were also formed: 


RCn : CH. + CH.COX — ^ R . CHCI . CH. . CO CH. 

Saturated chlorinated hydrocarbons of the general funnula 
were also isolated as by-products. If before the main reaction of all 
three components, only two coiuponents react with each other, there arc 
formed only conden«iod unsaturated hydrocarbons. 

Condensation of trimethylcthylcne with acetyl chloride was conducted 
by dissolving in carbon disulfide at O'’ amounts of the reactants corre- 
sponding to the ratio 2C5Hjo:2CH3C(X^l;AlCla. Heating up to the boil- 
ing point of the solvent was slowly initiated, and the temperature was kept 
at that point for about two hours, at which time evolution of hydrogen 
chloride had ceased. Yield of unsaturated ketone was found to be increased 
if the reaction mixture was allowed to cool slowly before removal of 
solvent carbon disulfide and decomposition of the catalyst complex with 
ice-sodium carbonate. Steam distillation gave a fraction (b.p. 86®) whirh 
contained chlorine and was saturated, and another fraction (b.p. 143- 
144®) which was halogen-free and unsaturated. The pure unsaturatetl 
ketone, isolated through its semicarbazone, boiled at 144-146 ®/743 mm 
and was secured in a 20 per cent of theoretical yield. It was identified ms 
2,3-*dimethyl-2-pentenone : 


CH. 


\ 


CH. 


/ 


C : CH . CH. + CH. . COX 


CH. CH. 

HX + '^C : vf' 

cn/ ^cocii. 


Under analogous conditions, hexene-2 gave a 30 per cent yield oj the 
unsaturated ketone, CgHiiO, and unsaturated ketones were similarlv 

MB. Krapivin, JtiiU. loe. imp. Nat Mouow, 1-176 (1901); C. X., 9, 1991. 
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ReruTed in 40 per cent yields from hcptpne-3 and from octene. In all 
paHOH the acyl radical replaced one of flip hydri)Ren atoms of the olefin. 

The condensation of ethylene Mdfh acetyl rhloridc did not progress 

smoothly. Reaction was effected by clmsolvnig 60 g of aluminum chlo- 
ride in 600 cc of petroleum hexane, purified as noted above, and passing 
in 3 liters of ethylene while abiding 28 g of acetyl chloride at —12° to 
— 10° during six hours. The reaction mixture was allowed to stand for 
] 5 hourn in the cold before isolation of the products Only a very small 
amount of the expected vinyl methyl ketone was secured. The use of 
aluminum bromide instead of aluminum chloride, or of acetyl bromide 
instead of the corresponding halide, did not improve the yields materially. 

In an analogous preparation, using 3 moles of propylene, 3 moles of 
acetyl bromide, and 4 moles of aluminum bromide in carbon disulfide 
solution an unsaturated ketone waR secured whoso constants were reported 
to be: 

b p. 122-123'' /740 mm. 

1 4323 

0 86.59 

molecular refraction 25.17 

With hexane as solvent, and using the same reactants in a 3:3:2 ratio, the 
constants from the unsaturated ketone obtained were: 

h p. 122-1237711 mm. 

<^70 8624 

molecular refraction 25 41. 

Both products were reported to be propcnyl methyl ketone, CHs-CO.- 
^H:CH.CH 3 , the varying constants indicating impurity of the prepara- 
tions. 

In this laboratory ” the synthesis of n-propenyl methyl ketone was 
attempted by reacting molecular equivalents of propylene, acetyl chloride, 
and aluminum chloride. Reaction was effected in hexane solution at 0° 
for 21 hours and then at 25° for 18 hours. A 71 per cent yield of a 
product having the following constants was secured; 

bp. 89 5-9l"/190 mm. 

n* 14346 

The material was found to contain rhlorine, and since the most likely 
chlorine-containing impurity was assumed to be the corresponding satu- 
rated chloroketone, the product was submitted to dehydrohalo^nating 
o-gents. Using standard methods for this reaction, there resulted in every 
case a Complex mixture of liquids having wide boiling ranges. 

"R* ThamM Bikd Hoohwftlt Laboratorien Divbion, Mouanto Chmucal Company. 
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Similar results have been secured with propylene and propionyl chlo- 
ride in the presence of aluminum chloride in hexane solution at 0" for 
li hours and for 48 hours at 25°. In this condensation a 72 ^r cent 
yield of a product (b.p. 109-109.2°/210 mm) was secured which was 
probably n-propenyl ethyl ketone, contaminated with traces of the corre- 
sponding saturated chloroketone. 

Friedel-Crafts reaction of lauroyl chloride with propylene was also 
investigated in this laboratory.'^*’ An unsaturated chlorine-free ketone, 
probably undecyl propenyl ketone, CiiH 23 COCH:CIICHg, was prepared 
by adding 60 co of liquid propylene to a solution of 100 g of liiuroyl chlo- 
ride in 400 cc of mixed hexanes kept at —40°, gradually raising the tem- 
perature to 0°, adding 61 g of aluminum chloride in small portions, and 
agitating the reaction mixture for five hours at about 0°. After decom- 
position of the product with icc-hydrochloric acid, washing with watci, 
and then with potassium hydroxide and water, the solvent was evaporated 
and the residue was fractionated m vanto The following fractions weic 
secured from a second fractionation: 


Fraction 

bp 

Yield 

n» 

i 

1 

82“ /2 mm 

IS K 

1 4720 

2 

82-10072 mm 

2.5 B 

1 4720 

a 

11779 mm 

20 B 

1.4700 

4 

117-11879 mm 

55 7 B 

14580 

5 

TCSlduC 

210 B 

14789 


Considerable hydrogen chloride was evolved during the fractionation 
Fraction (4), secured in 54 per cent yield, was chlorine-free, whereas the 
residue was not. 

That the production of unsatiirated ketones from olefines in arvi 
halides proceeds through intermediate formation of saturated j3-chloro- 
ketones may be assumed from data submitted by various invest igatoi'' 
In 1894 Kondakow” reported that the use of zinc chloride, a milder 
catalyst, in the reaction of trimethylethylene, isobutylene, or propylene 
with acetyl chloride results in formation of jS-chlorokctones. Wicland 
and Bettag scoured a 16.3 per cent yield of («,/8,)8-trimethyl-/9-chloro- 
ethyl) methyl ketone by adding 50 g of aluminum chloride during 1) 
hours to a carbon disulfide solution of 10 g of trimethylethylene and 14 g 
of acetyl chloride at —18°. There was no noticeable evolution of hydro- 
gen chloride, the reaction being one of simple addition: 

: CH(CH,) + CIImCOCI — (CH,)tCa . CH(CH.) . COCH, 

The ehloroketoae was found to be very unstable, decomposing with evo- 
lution of hydrogen chloride. According to these investigators, olefins evi- 
dently react with acid chlorides in the cold by adding acid chloride to tlic 
double bond; upon heating, the chlorinated ketones yield unsaturatod 
ketones with cleavage of hydrogen chloride, thus: 
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RCH:CH. RCHC1.CH..C0R RCH:CH.CX)R 

If acylation is not conducted at low temperature, the unsaburated ketone 
is the reaction product. 

Anticipating that unsaturated coinpoundb containing a double bond 
might replace unsaturated aryl hydrocarbons in the Fricdcl-Crafts reac** 
tion, Norris and Couch investigated the condensation of ethylene with 
benzoyl chloride. A molecular complex of the acid chloride with aluminum 
chloride in carbon disulfide was first prepared, and ethylene was bubbled 
through a suspension of the crystallized complex in carbon disulfide. The 
gas was absorbed very slowly, and due to the fact that the crystals 
i)crame covered with the oily reaction product, it was necessary to crush 
them during the reaction period in order to ])orniit absorption of the gas 
by the complex. The oily product obtained in 25 per cent yield was 
shown to be phenyl vinyl ketone, tlic reaction having occurred in the 
expected fashion: 

CII2 : CII2 ^ (^allftCOCl — ► CnJbCOCll : Oil. + HCl 


Besides this, a small quantity of a product insoluble in carbon disulfide 
was formed. Its constitution was not cstabhbhcd. No other side reac- 
tions seemed to occur. 

More recently the production of /8-chloropropiophcnone by reaction 
of ethylene with benzoyl chloride and aluminum chloride has been 
studied by Allen, Creseman, and Bcll.®“ The problem was found to be 
complicated by the fact that benzoyl chloride and aluminum chloride 
form a double compound, insoluble in most solvents, by the fact that 
ethylene must be introduced so as to become well admixed with the solu- 
tion, and by the easy decomposition of the j3-chloroketone. These diffi- 
culties were somewhat overcome by using ethyl bromide as solvent for 
the benzoyl chloride-aluminum chloride complex, by using a special 
“Pyrex” glass stirrer devised to introduce the ethylene into the solution 
under slight pressure, and by heating the final reaction mixture at tem- 
peratures not greater than 50° to drive off the solvent for isolation of the 
/I-chloroketone. In this way yields of 87-92 per cent of ^-chloropropio- 
phenone were obtained. 

The direct addition of chloroacctyl chloride to ethylene, using alu- 
uiinum chloride as condensing agent; gives chloromcthyl ^-chloroethyl 

htone. By p&ssing ethylene for two hours into s f^trolsum etbff &)lU‘ 
tion of alumiam chloride while slowly adding 11^ g of chloroacctyl 
chloride, a 2.8 g yield of the ketone is obtained.”^ 

The mmufaoture of ^-halogenoetbyl alkyl ketones by reaction of 
ethylene with acyl halides and aluminum chloride has been patented.^’' 


4<0-44a (IPU). 
rEahlbRuin ; British P. 
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Methyl i9-cbloroethyl ketone (b.p. 50-55'*/16 mm) and methyl /9-bromo- 
ethyl ketone (b.p. 55-60°/16 mm) are claimed. 

An interesting reaction is that claimed of ethylenic hydrocarbons with 
halogenated aliphatic carboxylic halides of not less than three carbon 
atoms.'” Here the resulting chloroketones are dehydrohalogenated by 
heating with dimethylaniline to give ketones containing several unsatu- 
rated linkages. Thus ethylene with chloropropionyl chloride gives bis- 
(/9-chloroetbyl) ketone (b.p. 73-75°/12 mm), which is subsequently 
dehydrohalogenated to yield divinyl ketone: 


CH. : CH. + CII.CI . CH. . CO . Cl (CHi(’l . CHi)iCO 


dimethyluiliiu' 


(CH, : CH), . CO 


With propylene and chloropropionyl chloride and aluminum rliloridc 
there is obtained cliloroethyl rlilornprnpyl ketone (bp. 85-90°/12 mini 
which yields vinyl propcnyl ketone, b.p. 40-45°/50 mm. Or, the conden- 
sation may be effected with an unsaturated aliphatic arid halide. Cro- 
tonyl chloride with propylene gives chloropropyl propcnyl ketone, bp 
50-657,12 mm: 

CHiCH : CH, + CH,CH : CHCOCl CH. . CHCl . CH, . CO . CH : (JH . CJl. 

ThiSj upon dehydrohalogenation, yields dipropenyl ketone, b.p. 50^/50 
mm: 

dimethyt uiilinc 

CH. . CHCl . CH, . CO CH :CHCH. * CH, . CH .CH . CO . CH :CH . CH, 

Saturated /S-chloroketones obtained by Friodel-Crafts acylation of olefinis 
have been further reacted with benzene by Nenitzescu and Gavat.'^ 
When the complex obtained by reaction of ethylene with acetyl chloride 
and aluminum chloride was treated with benzene, l-phenylbutanonc-3 
(b.p. 230-233°) was obtained in the normal reaction: 


CH, : CH, + ClCOCll. ^ C1CH.C11,C0C1I. 


C.H. 


C.HK:H. . CHK^OCII, + HCl 


These investigators led, with stirring, 1.5 moles of ethylene into a sus- 
pension of 133 g of aluminum chloride in 160 ec of carbon disulfide. Aftr< 
the aluminum chloride had liquefied, the carbon disulfide was decanted, 
and 200 cc of benzene was added. The reaction mixture was stirred for 
eight hours, and then worked up in luual fashion. 

In a similar reaction with propene, 45 g of 2 -phenylpentanunc- (4) , 
CHaCH(C,;Ho).CH2.CO.CH, (b.p. It3-116‘’/13 mm) was obtained from 
40 liters of propylene, 87 g of acetyl chloride, and 300 cc of benzene 

•Britwh F. 4M,5(7 (1«U) to I. U, Farhmiudiiiilna ; BrU. Chem. Ahi.-B, »5 (1M7) 

M C. 1 >. Nrniimou Kod t. Q, QKVMt, Awt^p Sii» 960-371 ( 1986 j, 
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A like reaction occurred with l>utcnc-2; when butenc-1 was used, how- 
ever, halogen naigratinn occurred. Tlic reaction should have proeeeded; 

CHi . CHi . CH : CIL + (JlC’Ot'H, CHi . C1I» . CHC'I . Cllt . CO . CHi 

CH. . CH. CH , CH,CO . CH, + HCl 

I 

r gHi 


Instead, the product was 5-phcnylhcxanone-2, 


CH, . CH . CH, . CH. . CO . CH, 


Obviously the aluminum chloride effects migration of the halogen to a 
remote carbon atom, but not so far as to the terminal methyl group. 

Reaction of Alicyclic Olefins with Acyl Halides 

In an early study dealing with the constitution of isolauronolic acid, 
it was noticed by Blanc®*'* that when l,l,2~trimethyl-2-cyclopentene was 
dissolved in carbon disulfide and treated with acetyl chloride in the 
presence of aluminum chloride, the corresponding unsaturated ketone was 
produced: 

CHi c'H. 

I I 

x’==cH Ain* 'V ' 

(CHa)ic< I + CHgCori j (rna)*n | 

^'C r ' c c 

Ha Ha Ha Ha 


Working at a temperature of 0°, Darzens added aluminum chloride 
to a mixture of acetyl chloride and cyclohexene in carbon disulfide, and 
secured first a saturated chloroketone: 


Har 


H 

I 

c 

/ ^ 


CH 


HaC GHa 

\ / 

C 

I 

Hi 


I + CllaOOCI 


lU'l 

I 

c 

/ \ 

II,r CHCOCHi 

I I 

HiC rila 

\ / 

c 

I 

Hi 


upon treatment with dimethylaniline, this ketone easily split off 
hydrogen chloride to give 1-acctylcyclohexene, 

■a. BUbo. JMI. ne, eh\m f3). 19. 990-706 (1W8); 3. Chrm Soc. Abt., 76 U), 680 (1698), 
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n 


/ V 

HiC C . COCHi 

I I 

HiC CHi 

\ / 

C 

I 

n> 


The unsaturated ketone was obtained in a 42 per cent of ihcoretirul 
yield, based on the initial reactants. It was pointed out by Darzcns that 
this seemed to he a very general reaction for hydrocarbons containing an 
olefinic linkage.*^ 

Wieland and Bettag** reported that the formation of the chloro- 
ketone depended on the use of low temperatures, and that quantitativp 
conversion to the unsaturated ketone could be effected by subsequent 
heating of the chloroketone in the presence of a trace of aluminum chlo- 
ride. These investigators added, with stirring, during two hours 35 g of 
aluminum chloride to a solution of 20 g of cyclohexene and 30 g of acctvl 
chloride in 75 g of carbon disulfide. The temperature was maintained nt 
— 18". The resulting complex contained about 70 per cent of the chloro- 
ketone, and some unsaturated ketone, 1-acetylcyclohexene, which could 
not be separated by distillation. The isolated chloroketone (b.p. 60- 
fiS"/! mm) was converted into the unsaturated ketone by dissolving 
it in carbon disulfide and adding 0.5 g of aluminum chloride to the solu- 
tion, with strong cooling. As the temperature was allowed to increase, 
evolution of hydrogen chloride began. After ten hours no hydrogen chlo- 
ride cleavage was noticeable, even upon boiling. This procedure gave a 
60 per cent of theoretical yield of imsaturated ketone, based on the 
origmal reactants. 

Similar treatment of cyclohexenc with benzoyl chloride resulted m 
much lower yield. Only a 13 per cent yield of the chloroketone vcn« 
obtained, and its conversion into the unsaturated ketone was only 45 H 
per cent of theoretical. However, even lower yields of unsaturated kctoiu- 
were secured when the reaction was performed without intermediate I'^o- 
lation of the chloroketone. In this case a considerable quantity of a 
polymerization product was secured. Obviously most of the 1-bcnzovl- 
cyclohcxene was polymerized by the aluminum chloride during the coui^'i' 
of the reaction. 

1-Beneoylcyclopentene has been secured in 32 per cent yield by treat- 
ing 20 g of cyclopentene and 43 g of benzoyl chloride in 180 g of rarbnn 
disulfide with 44 g of aluminum chloride at —5" and then heating (>>'’ 
OTide addition product with 28 g of diethylanilino at 180° for three 
hours, •• 


•*Q. Danm »imI H Roitt, Ctmpt rend, 151. 7ft8->750 (1015), ^ „ r..«nn J 

•H. Wldftiid imd h. B«Cta«, Bcr„ 9, (1022) j r/. A. E, Chrifit nnd R. C 

Am. Chem. 8oe., 50, 805-200 (IBI7) ^ 4 12 . 1210 

•a. C. Fumh, B. JuhiMoa, wd W. Col*, J. Am. Chum, toe., «, UM-IlM (108); C. A., M 
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In this laboratory^® the preparation of 1-caproylcyclobcxenc by 
Fricdel-Crafts reaction of eyclohexene with caproyl chloride and subse- 
quent dehydrohalogenation of the product has been effected. During 
twenty minutes, 99 g of aluminum chloride was added to a solution of 
100 g of the acid chloride and 100 g of eyclohexene in 200 cc of mixed 
hexanes. The mixture was agitated for five hours at O'", and was allowed 
to stand over night. Upon decomposition of the reaction product with 
ice-hydrochloric acid, washing repeatedly with water, sodium hydroxide, 
and again water the product was dried over calcium chloride and filtered. 
After evaporation of the solvent, the product was distilled in vacuo; and 
the distillate, weighing 137 g, was dehydrohalogenated by heating with 
80 g of nickel carbonate at 140° for 17 hours. The nickel carbonate was 
then filtered off, and the filtrate was fractionated twice in vacuo. The 
fraction (b.p. 90-95"V1.4 mm) obtained in 50 per cent yield, was chlorine- 
free and unsaturated. Its molecular weight, calculated from the Lorenz- 
Lorentz equation, was 179.2; that of l-caproylcyclohexene is 180. Other 
constants of tlie product were as follow^s: 

1.4803 
rf" 0.9255 

4 

According to Nonitzcscu and C'^antuniari,^^ if the complex resulting 
from the low-toniporaturc arotylation of eyclohexene is treated with 
cyclohexane in the presence of an excess of aluminum chloride, a very 
good yield of acetyleyelohexaue results. This is ascribed to the dehydro- 
halogenating action of the nascent hydrogen formed b}^ the aluminum 
chloridc-catalyzcd self-condensation of cyclohexane: 


IICl 

I./ 

c 

UiC c<“ 


COCHi 


U%C CHa 

\ / 

c 


+ 211 


11a 


il2 

I 

c 

HjV 


HaC 


\ / 
C 


rOCUa + IICI 

nia 


Ha 


The hydrogen was obtained in the reaction: 


2C,Hu CuHaa 4 2H 


This prooedure was also illustrated in the acylation of eyclohexene in 
the presence of cyclohexane,’^- Here a mixture of one mole each of cyclo- 
hexene and acetyl chloride in cyclohexane was cooled to —15° and treated 
'iiider stirring with 2 moles of aluminum chloride in small portions. Evo- 
lution of hydrogen chloride did not begin until the temperature had been 


US* Thomw wnA Hoohwftlt Uboratoriw Mon^to Chianiciil Company. 

1* f?* 5’ 5*“tt**w and I. P, duiluiUBn, Ann., 910, ' 

"*0.0. NaaOMMU «iid E. Oioimiiewu, Ber.. 09, 1090-1828 (1080). 
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increased. The reaction mixture was finally heated on a water-bath at 
TO*’ until evolution of hydrogen chloride had ceased. In this way 67 g of 
aoetylcyclohexane was secured. 

Similar reaction of cyclopentene with acetyl nhloride gave acetyl- 
cyclopentane in a 50 per cent of tlieoretical yield. Use of this pro- 
cedure in the reaction of cyclopentene with cyclopentanecarboxylic acid 
chloride and also with cyclohexanecarboxylic acid chloride for the pro- 
duction of dicyclic saturated ketones shows the general applicability of 
the reaction. Under the same conditions cyclohexene was reacted witli 
l-methylcyclopentane-2-carbox)'lic acid chloride and with isovaleryl 
chloride to give (2-methylryclopentylj cyclohexyl ketone and isobutyl 
cyclohexyl ketone, respectively. These synthoses show that under the 
conditions used in Friedcl-Crafts acylations dehydrogenation of cyclo- 
hexane does result. When condensation is effected in the presence of 
carbon disulfide instead of cyclohexane, chloro-ketones result: cyclo- 
hexene and isovaleroyl chloride or caproyl chloride yield l-chloro-2- 
isovaleroylcyclohexane and l-chloro-2-caproylcyclokexane, respcctivcl} 
Condensation of cyclohexeue with benzoyl chloride in the prehciict- ul 
cyclohexane and aluminum chloride yields benzoylcyclohexanc.’'* 

The fact that acid chluride^ add to olefinic double buDd.s in the pre^- 
ence of aluminum chloride has suggested the possibility of applying the 
reaction to the synthesis of uusaturatcil ketones of the chlorcsterol heri(“> 
Accordingly, Wieland and lluM'gawa reacted cholesterol with ucct> 1 
chloride and aluminum chloride. The product (m.p. 151°) had the ruin- 
position of an acetyl chloride addition product of ehloresterol, but it wa- 
an ester, not a ketone. 

Esters have also been report«‘d to lx‘ the products of the reaction ut 
hexachloi‘ocyolohexadiene-l,4-one'3 and acyl halides in carbon disulhdc 
solution in the presence of aluminum chloride.*’ Pentachlorophcnyl ace- 
tate, propionate, or butyrate is thus secured from acetyl, propioiiyl, ut 
butyryl chlorides respectively. 

Reaction of Acetyi^c Acid Chlorides 

The Friedel-Crafts ketone synthesis has been extended to the uryla- 
tion of acetylenic hydrocarbons. In the presence of aluminum cblornhs 
acetylene has been reacted with acetyl chloride at 15° to form inctliyl 
j9-chlorovinyl ketone (b.p. 135°) in a 25 per cent yield.*’ 

According to recent patents,** much better yields may be sccuud 
The process is claimed to be applicable to acetylene or its homulogh, fui 
example, methyl, ethyl, or phenyl acetylene or heptine. Carboxylic and 
halides which are suitable for the reaction are acetyl, propionyl, bulyryli 
isovaleroyl, stearoyl, or bensoyl chlorides. The reaction proceeds: 

RC-CH + R'COCl R* .CO .CH:CRa 


« C. U. NautMMU rail 1. OavU, thr„ n, liW-lW (IHT). _ 

‘»B. WMiud rad ChediMlu Huacawk, Sar., M, KU-H« (Ml)! C. A., », 477. 
t>E. BMial, SuU. me. ehm. <i). U, W-IM (IMS). 

WA. GcnUIot BDd H. AIiiumtp Cvmpie rmd., 391, W-W (1W3). , . >,illr 

”U. B. F. 3,195^ nmh Brit. p. mfim am), q«imi p. hma« (lotr) ru tp johiuims ^ 
and Otto Bayv, (to 1. Q. ParlMBfaMlUitrti) f C, 4.# 9t| Ml. 
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In the preparation of a )3-halogenated vinyl ketone from isovaleroyl 
rhlotidc and acetylene, 8 parts of ahiminiim chloride are added while 
Htirring, and while inlrodueing nretyicne at a temperature of 0-5“^ to a 
solution of 10 parte of isovaleroyl cliloride in 20 parts of petroleum ether. 
After some hours the reaction mixture is decomposed with ice water and 
extracted with benzene. Upon washing with a solution of potassium car- 
bonate and evaporation of the benzene, i^obutyl /9-chlorovinyl ketone is 
secured in 85 per cent yield. 

Heptadecyl chlorovinyl ketone ha« been obtained by passing acetylene 
into a solution of etearoyl chloride in carbon tetrachloride solution in the 
presence of aluminum chloride.^^ 

Reaction of Acid Chlorides with other Aliphatic Compounds 

Vinyl Halides. — Halogenated un.saturated ketones may be secured by 
reaction of vinyl halides with acid halides in the presence of aluminum 
chloride at ordinary temperature and pressure’^® Vinyl chloride and 
benzoyl chloride thus yield phenyl chlorovinyl ketone, bis 133-135°: 

CICH : Clla + r.HaCOn CICH : t^H . CO . C.Hi 

Analogously, acetyl chloride yields chlorovinyl methyl ketone, 
(biH 43-45®) and isovaleroyl chloride yi(dds the expected isobutyl 
/9-chlorovinyl ketone, bis 72-74°. 

Reaction may be effected in carbon tetrachloride as solvent. That 
condensation probably proceeds through intermediate formation of a 
saturated product is evident from the fact that during distillation of the 
crude product under reduced pressure, hydrogen chloride is eliminated.^® 

Aliphatic Nitriles. — Aromatic nitriles react with aliphatic acid chlo- 
rides in the presence of aluminum chloride to give substituted triazines.®^ 
With aromatic acid chlorides under like conditions, dibenzamides are 
formed.®® Diamides are likewise formed in the reaction of aliphatic acid 
chlorides with aliphatic nitriles. 

In a preliminary communication, Otto and Troger®® reported that 
when aluminum chloride is added to a mixture of propionitrile and pro- 
pionyl chloride, and the reaction mixture heated for a short time on a 
water-bath to complete the condensation, 2-amidopcntanone-3 was 
"secured through primary formation of the keto-nitrile: 


CU. . CHiCN Ain.^ . CH . CO . C.H. 2^ CH. . CH . CO . C.H. 

(!)0NH. 

^ r'wbwimcluitnej C. A., 

MR i' OW) to 0. Boyw Mid J. Nillt* (to I G ); C A, 

(1137) to I. O. Arbenindiwtrie; Bnt Chn Abt 7M (1387). 
n£' A. V. Hsnwn. 22, 8U-811 (1888). 


R. Otto ud J. Tregor, a«r., 22, 14M- 
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Fxirther investigation showed,*^ however, that the product was probably 
dipropionamide, m.p, 163-164°. 

CHtCIhCO 

^NH 

CIIsCH.Co'^ 

Carbo^lic Acids. — A rather unusual application of aluniiniini chlo- 
ride in aliphatic choniistry ia the production of acid anhydrides by reac- 
tion of an acid chloride with the corresponding acid: 


0 

Clh V 

ClU’Ori + C'lIjiCOOH (> ^ HCl 

V 


Thus, to produce an anhydride such as butyric anhydride, butyric and 
and the corresponding acid chloride arc caused to react at about 182° in 
the presence of a small amount of aluminum chloride serving as a cata- 
lyst" 

The reaction may be similarly applied to the production of halo- 
genated acid anhydrides. Chloroacetic anhydride is obtained by heating 
chloroacety] chloride with chloroacetic acid in the presence of nboul 
1 per cent of aluminum chloride.®® 

Alcohols. — An interesting reaction, described in 1887, but apparently 
little used, is that of acid chloride-aluminum chloride complexes with 
alcohols.®^ When an aliphatic acid chloride is treated with aluininiiin 
chloride in carbon disulfide or chloroform, a solid crystalline compcnintl 
is formed, with evolution of hydrogen chloride. The complex, (CHsCOlj' 
CH.CCI 2 .O.AICI 2 , is obtained by gradual addition of 91 g of aluminum 
chloride to 158 g of acetyl chloride dissolved in 522 g of chlorofonu at 
50°. The complex is violently decomposed upon addition of water, with 
formation of acetylacetone. When it is added in small portions to wcll- 
cooled ethyl alcohol, an energetic reaction takes place with evolution of 
hydrogen chloride. Upon pouring this reaction mixture into water, there 
separates a reddish liquid which is a mixture of ethyl acetate, ethyl aeeto- 
acetate, and ethyl diacetoacetato, fCHsCOloCH.CODC^liv The mam 
product of the reaction is ethyl diacetoacetato; the readiness with wlmh 


“ jf- Otto and J. TrKgir, Ber., 23. 7M-7M (IBM). 

^ Qcildadmiiilt and R. R. Wolff (to Kemli^r CliwnifftI 

P. (1B3B) to C. J. StroMckiT and O. C. SfliwPidiir (to Dow Chemirul (n) 

Bru. C/iem BW (lia). , 

/. prakt. CSem. (i), IW (1B8B). 
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it splita up in the presence of alcohol is responsible for the formation of 
ethyl acetoacetate and ethyl acetate in this reaction. 

Ethers. — ^Under certain conditions, aluminum chloride catalyzes the 
formation of esters from diethyl ether and an acid chloride.^^ Shah^^ has 
pointed out that dry ether can be used as solvent in Friedel-Crafts reac- 
tions only when the reactions take place below the boiling point of ether; 
otherwise the ether may enter into the condensation. The reaction of the 
complex (C 2 Hb) 20 .A 1 C 13 with acetyl chloride, acetic anhydride, benzoyl 
chloride, or benzoic anhydride was studied.®** The most probable mechan- 
ism of the reaction of the ether complex with acetic anhydride was 
believed to be: 

(C,IL).0 . AlCL. + (CHhCO)^O > 2CH,COOCJL + AlCU 

With acetyl chloride the scheme was believed to be: 

(GH«)aO . AlCla + CHaCOCl > CHaCOOCA + GH.C1 + AlCb 

The liberation of ethyl chloride in the process of the reaction was demon- 
strated. 

A 70 per cent yield of ethyl acetat/O was secured by gradually adding, 
with cooling, 30 g of acetyl chloride to 45 g of anhydrous aluminum 
chloride in 100 cc of dry ether, and refluxing the mixture in a water-bath 
for six to eight hours. An 80 per cent yield of ethyl benzoate was simi- 
larly obtained with benzoyl chloride. With acid anhydrides, much lower 
yields of ester were obtained; acetic anhydride gave 14 per cent of ethyl 
acetate, and benzoic anhydride, 20 per cent of ethyl benzoate. 

Reactions with Phosgene 

Olefins. — Since phosgene may be considered as an acid halide, that is, 
as the chloride of chloroformic acid, or the dichloride of carbonic acid, it 
may be expected that its reaction with olefins would resemble that of 
acid halides. With ethylene, for example, the formation of jfl-chloro- 
propionyl chloride would be expected: 


CHi : CHi + COCb ClbClUH.COCl 


According to Pace,**^ who summarized the contradictory results which 
liavc been obtained in reacting phosgene with olefins, the course of the 
reaction is dependent on the presence or absence of aluminum chloride 
during the reaction. Using toluene as a solvent, he reported that phos- 
gene and ethylene in the presence of aluminum chloride form ^-chloro- 
propionyl chloride which can be recovered from the toluene layer after 
ucutralization. Subsequent investigations of this reaction have not con- 


S’*'*^™**!*' tinrt C. Furhi, Arch. Pharm., 262* C/icm, 3oc. 4b#., 121 CDi 

and J. liapiuimruituiu, Ber., 34, 2081-2082 (1001). 

W. 8. KcmiIov. n. nocdanuvtikava, and 1. /. Cic«. Chim. (U. S. 


£■ ^ '«»■ 

Pace, Ouf. oAim. iitU., 99, 578-500 (1020); C. A„ 24, 838. 


a. B.K 6 , 815-817 
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firmed these lesulte,*^ the products formed being mainly ditolyl ketone 
and ethyltoluenes. Carbon tetrachloride was equally ineffective as a sol- 
vent, but by conducting the reaction in carbon disulfide and esterifying 
below 0°C with methyl alcohol it was found possible to prepare a 20-30 
per cent yield of methyl )9-chloropropionate by vacuum distillation. 
Atmospheric distillation of the product split off hydrogen chloride to form 
methyl acrylate. 

An extension of the latter type of reaction to propylene is the basis 
of a rather new method for the preparation of esters of methacrylic acid 
Phosgene and propylene in a molar ratio of 1 to 1 are passed into au 
autoclave containing ;8-chloroisobutyryl chloride in which 2-15 per cent 
of aluminum chloride is dissolved. The reaction is conducted at 30-100'' 
and under 10-40 atmospheres' pressure. The product is drained off 
periodically, and more catalyst added to the residue to maintain tlie cata- 
lytic activity. The condensation proceeds: 


cu, 

COCh + CH, : CHCHi — > CUiCl . . COC’l 

The )9-chloroisobutyryl cliloridc thuh obtained is esterified and hubbc- 
quently dehydrohalogenated to form eaters of methacrylic acid: 

CH. CH. CII. 

CH.C1 . i;u . COCl CI1.C’I i n . COOR UH. : . COOR 


Pace ** reports that by bubbling phosgene for two to twenty hours at 
35-40° into a mixture of isoainylenc and aluminum chloride in toluene 
solution, /S-diloroisocapruyl chloride is formed: 


COCU + (CH.),CH . CH:CH. > (CH,).CHOHClCH,COCl 

Unuturated Alcohols. — Under the same conditions as those obseived 
in tlic reaction of phosgene and i.'ioainylene noted above Pace observed 
that when unsaturated alcohols were used instcacl of olefins, the products 
were chlorolactones. He assumes the intermediate formation of unstable 
addition compounds which are converted into lactones by elimination ol 
hydrogen chloride. Allyl alcohol gives / 9 -chIoro-y-butyrolactone, pioli- 
ably according to tlic scheme: 


CHi : CU . CHiOH + COCh 


CIOC . CH. . CHCl . CHjOII 


- HCl 


V CH. . CHCl . CH. . C : O 


- — -O 


lllll 


“P K Fiulwli uid P. J. Wwiwidi, l«4 Hna Chrm., 34, 13-17 (l«3) SI- "h 
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OhpvuirK*ln\a, Compt rmrf, tuad. tei. U H, 8, 8^ 2, 42-44 OIM), C. A.* 2f, MM; J 
(V. S. 8. H.). UI-148 (INI), 0. it , 13, wn; «». /nil. "PaovW rommMMr, «>»"i 

0. a s. A. stei. iMt. ^ rik«w. A*, a, 4i.u iitny, o. t,n»u tau. 
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Partfflfis. — Saturated paraffins and cycloparaffins are converted to 
ketones by treatment with phosgene and aluminum chloride at about 0® 
Reaction may be effected with cyplohexane, isopentane, or n-hexane. 

A double compound nf phosgene and aluininum chloride, obtained by 
incorporating 5 parts of liquid phosgene with 2 parts of aluminum chlo- 
ride may be reacted with paraffins under pressure to give a mixture of 
ketones.*® The paraffin constituent may be a low-boiling petroleum frac- 
tion. A quantitative conversion into ketones of the polymethylene and 
paraffin series is said to take place. 


Reactions with Carbon Monoxide 


Paraffins. — The reaction of carbon monoxide with aromatic hydro- 
carbons and aluminum chloride is the well-known Gattermann method of 
aldehyde synthesis: 


r. 


4 C'O 


\\r\i 


^ mo 


With paraffinic hydrocarbons, how'ever, the reaction proceeds in entirely 
different fashion, yielding ketones. With butane, for example, the main 
reaction product is isobutyl scr-butyl ketone: 


2CHiCTr,Cir8CHi 4- CO 


AlCIi 


CH. 0 CHa 
Tin . CH. . I: . ctill + 2H 
(^11, . CH. 


As reported by Hopff,®" lu)wever, the reaction is not as simple as the 
above equation would lead one to expect. A number of side reactions 
occur, leading to the formation of methylacetic acid, triraethylacetic acid, 
and methyl isopropyl ketone as by-products. The hydrocarbon chain 
appears to, have been cracked and isouierizcd during the reaction, and 
the carbon monoxide introduced between the cleavage fragments. A 
reaction scheme, assuming the intermediate formation of an aldehyde and 
subsequent isomerization of aldehyde to ketone, has been advanced.®*^ 
With isobutane there is first dehydrogenation, leading to the formation 
of isobutene. Formyl chloride, HC'OCl, is probably formed from the 
evolved hydrogen, carbon monoxide, and aluininum chloride. This reacts 
with the isobutene to form trimcthylacetyl chloride, which is subsequently 
reduced to trimethylaeetaldehyde: 


\ 


CH, 


/ 


p : CH. + HCOCl 


CH. CII, 

». cH,.i^.roci (-h..i!'.cho + Hci 

i’H. 

<»•«) to A. BdiMiMhmiUt, r. A , M«; Swim P IM.HM (HM) to Antorra 

"??b*?^*** Q- Fwhmindiutrif; Bnt. Chem. 6M 
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The trimethylacrtaldebyde is then isoinoriied to methyl isopropyl ketone: 


CH. 


CH. 

. i . CHO 


CH. 


\ 


CH. 


/ 


CH 


O 

^CH. 


In the reaction with n-butane isomerization and dehydrogenation both 
occur. The n-butene formed reacts with formyl rhloridc ns in the fore- 
going scheme to give the acid chloride: 


CH1CH.CH : CH. + HCOCl — ► CH.CH.CHa)Cl 

([;h. 


This then may react with the isobutane present to give isobutyl src-butyl 
ketone: 

CH. O CHi 

\ II i 

CIIsCHiCHCOn + CH.CH, — ► Cll.rUaCII . C. CH.CH 

i:n. ciu'^ liu in. 


Along with this, of course, is also formed methyl isopropyl ketone, ns 
shown in the scheme for isobutane, since a part of the n-butane isonienzes 
to isobutane and reacts as such. 

The condensation of cyclohexane with carbon monoxide has also been 
studied. Hopff®^ reported the production of l-methyl-2-cyclohexanoiic 
from the reaction. It was shown that the action of carbon monoxide 
on cyclohexane consists of an initial isomerization of the cyclohexane 
into methylcyclopentane and subsequent dehydrogenation to methylp\clo- 
pentene. Tliis is then converted by the formyl chloride into a chlnro- 
aldehydoi 


H.C THi 

I I 


H.C CH 


\ ^ 
a 

I 


CH. 


ricHO 
■ ■■■ ■ > 


HiC CH. 


HjC 

\ / 


H 

Cl 


c 


/ \ 

cn. CHO 


which is reduced by hydrogen evolved during the reaction to l-methyl- 
1-formy Icy clopentane : 


HtC 

I 

HtC 


“CH. 
I 


+ 2H 


HtC" 


c 

/ \ 

CH. CHO 

MR. Hope, Btr., m, W-OI (IIU); C. A,. It, MW. 
,0, D. NwItMWU •nd T), V. Ournuimau, n, 

iUM-i, 4M (ina). 


BiC CHi 

\ / 

c 

/ \ 

CH. CHO 


-Clfi 

I + HCl 
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This ifl then isomerized to 2-metliylcycloliexanone, the final reaction 
produet: 

Uf 


AlCh 

lIsC Clla 

\ / 

c 

/ \ 

CHa CHO 


C 

/ \ 

IfaC CHi 

I I 

II 2 C C=^0 

\ / 
c 

/ \ 

CHa II 


The course of the reaction lias been verified by the fact that l-methyl- 
l-formylcyclopentane has been synthesized and converted almost quanti- 
tatively into 2-niethylcyclohexanone. 

Althouj^h condensation of carbon monoxide with paraffins docs not 
result in the production of high yields of any one ketone, tlie process has 
been covered by several patents.^'*** These patents generally specify the 
use of elevated pressures to maintain liquid phase. In the reaction of 
pentane with carbon monoxide, for examiile,'^^ a high-pressure retort is 
charged with 100 parts of n-pentane and 100 parts of aluminum chloride. 
Carbon monoxide is admitted under a pressure of 120-150 atmospheres, 
and the retort is heat(*d to a temperature of 35-60“. Absorption of car- 
bon monoxide is noted by drop in pressure; carbon monoxide is forced 
into the reaction vessel until the original firessure has been reached, and 
no further drop in pressure occurs. The reaction products consist of a 
fraction (b.p. 114-116° j, which is ethyl isopropyl ketone, and the main 
fraction (b.p. 116-250°), comprising a mixture of higher ketones which 
have probably been produced by condensation of ethyl isopropyl ketone 
under the influence of aluininuiu chloride. High-boiling carboxylic acids 
were also formed in the reaction. 

The condensation may be similarly efl'ected with other aliphatic or 
liydroaromatic hydrocarbons, or mixtures of such hydrocarbons, as well 
as with products of the destructive hydrogenation of such substances as 
coal, tar, mineral oils, lignite, tar-oils, and the like. 

Alkyl Halides. — Halogenatcd paraflins also form acids and ketones 
when treated with carbon monoxide and aluminum chloride and the 
reaction product hydrolyzed. Thus, treatment of ethyl chloride or 
a-butyl chloride with aluminum chloride and subsequent reaction with 
carbon monoxide under pressure yields a product consisting of higher 
carboxylic acids and ketones. With ethyl chloride, for example, about 
50 per cent of the reaction product is propionic acid. Tlie action of car- 
bon monoxide on n-butyl chloride and aluminum chloride at 50“ and 120 


P. ru, 7M (IMl), Biitbih P. 388,734 to A. bchaaniohmiclt : OcmiBn P. 500,180 (1028), Ger- 
^JP-^l»80l,25O (IMI) bU td 1. G. FftTbenindiiairie; C. Z., 1130 11, 080; Qemum P, 680,104 (1087) to 
P« 810.418 (1888) to 1. Q. Fubuniiidustrie; C. Z.. 1929 U. 214. 
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atmospherea reaults in a product conaiating mainly of an acid, CaHioOie, 
together with higher homologa and ketonea.^"^ 

Dialhyl Ethera. — Aluminum chloride liaa been mentioned aa an 
optional catalyst in the preparation of aliphatic eatera by reaction of 
carbon monoxide with dialkyl ethera."’" The proceaa, conducted at ele- 
vated temperaturea and high pressure, consiata in the preliminary for- 
mation of an ether-aluminum chloride complex and aubaequent treatment 
of the complex with carbon monoxide. Witli ethyl ether, for example, the 
reaction may be aaaumed to proceed: 

(CiH,)iO . AlCl. + CO C.H.CO(H'»II. . MCI, 

The ethyl propionate ia readily removed from the ester-aluminum chloride 
complex by treatment of the complex with ether, which preferentially 
enters into the complex, thus freeing the eater. 

Reaction of Olefins with Acids 

Aluminum chloride is one of the catiily.sts which ciTui'ts condciisnliuii 
of olefina with aliphatic luonocarbuxyhc acida for the [ireparutiuu ul 
eatera: 

CH, 

CH,CU : ViU -r CHiCOOIl ^CH . COOCll, 

cn; 

Although the use of tills catalyst has been claimed in several patents,"" 
the reaction is more coiiimnnly effected with aulfunr acid, or one of the 
less active metal halides. A detailed treatment of the condensation 
not, therefore, properly within the scope of this discusaion. 

Reaction of Olefins writh Alcohols 

The direct addition of olefins to alcohols, with production of cthei', 
is catalysed by aluminum chloride, although as in the esterification of 
olefina, aulfurio acid is the best of the catalysts which have been investi- 
gated for this reaction.^**" With methanol, the general reaction ia: 


+ C,H„ 


The primary alcoliols have been found to lie more suitable for this reac- 
tion than the secondary alcohols; the tertiary alcohols are least reaclivc 
Those olefina which can be derived theoretically from a tertiary alcoho , 
for example, trimethylethylcne or isobutylene, are moat suitable. 
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Auto-coniemtioii of Ketones 

When 150 cc of acetone is refluxed for four hours on the water-bath 
with sublimed aluminum chloride, condensation occurs with production of 
15 cc of mesityl oxide 


CHb 

^CO + Clh . CO . CIU 
CH,"^ 


CH. 


CII. 


\ 

c 

/ 


C-Cll . COCHa 4 IhO 


Upon further heating another mole of acetone adds to mesityl oxide with 
conversion to phoronc,^^* 

Clla Clh 

^c-cii.cocHc: 

, / \ 

CU. Cll. 


Hydration of Ethers; Dehydration of Alcohols 

The hydration of aliphatic ethers to alcohols may be effected by sub- 
jecting an ether to hydration in the presence of aluminum chloride at 
elevated tempeiaturca and a pressure in excess of 225 pounds per square 
inch.^®® Conversely, aluminum chloride may be used at 200-300° as a 
dehydrating agent in the production of ethers from alcohols.'®® 

Alkylene Oxides with Hydrocarbons or Their Halogen Deriyatives 
Alcohols may be prepared by reaction of olefinic oxides with aliphatic 
or cycloaliphatic hydrocarbons or their halogen derivatives in the pres- 
ence of aluminum chloride or other Friedel-Crafts tyjjc condensing 
agents.^^® Addition takes place according to the general scliemc: 


RH + Clli— Clli RCHaCliiOll 

\ / 

0 


The hydrocarbon may be pentane, hexane, heptane, eyclohuxiine, or kero- 
sene. Instead of ethylene oxide, otlicr olefinic oxides, for example, pro- 
pylene, butylene, or triniethylcthylenc oxide, may be used. With halo- 
genated hydrocarbons, chlorohydrins arc secured. Thus ethyl chloride 
and ethylene oxide in the presence of aluminum chloride yields 1,4-buty- 
lencchlorohydrin: 


CICII, . CHi + CHr~CH. ClUlli . Clli . Clli . CH.OU 

\ / 

o 
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When 500 parts of cyclohexane containing 132 parts of aluminum chloride 
are treated, with cooling and stirring, with 50 parts of ethylene oxide, 
there is obtained 70 parts of an oil (b.p. 95-105°/13 mm) wUoh is com- 
posed mainly of hydroxycthylcyclohexane. 


III 

/'x 

HiC CH . CHi . CUa . Oil 


HaC CHi 

\ / 

C 

I 

Hi 


Treatment of a mixture of 500 parts of kerosene and 50 parts of alu- 
minum chloride with ethylene oxide at 1.5 atmospheres and ordinary 
temperature until no further decrease of pressure is apparent results in 
production of 32 parts of an oil (b.p. 150-200°/12 mm) consisting mainly 
of higher alcohols. 


Addition of Hydrogen Halides to Olefins 

The formation of alkyl halides by the additiun of hydrogen halides 
to olefins in the presence of catalysts has been studied quite extensively 
since the products of such reactions are of industrial importance. The 
reaction of ethylene and hydrogen chloride to form ethyl chloride is exu- 
thermic, and although the thcrmochemical data on the reaction arc not m 
agreement, several workers calculate the heat of formation as 20.7 
calories. The two gases will not combine when heated, but in the prc.''- 
ence of aluminum chloride and similar metal halide catalysts at 100-180” 
ethyl chloride is formed.^'" Propylene at 80° with aluminum chloride on 
silica gel gives isopropyl chloride in a 97 per cent yield. There is no indi- 
cation of formation of n-propyl chloride, but a small amount of a highci- 
boiling compound, probably hexyl chloride, has been reported as a by- 
product of tile reaction.^^* 

The form of the catalyst is of importance ; whereas aluminum chloride 
on asbestos or glass gives good results, pure aluminum chloride gives a 
mixture of hydrocarbons and organo-aluminum compounds.^^* The um' 
of pressure permits lower temperatures.^*'^ 

With ethyl chloride as solvent, the reaction of ethylene and hydrogen 
chloride in the presence of aluminum chloride at —78° gives a 99.7 pn 
cent yield of ethyl chloride. Ethyl bromide can be prepared similarly."" 
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This good yidd can be obtained at somewhat higher temperatures, but as 
the temperature increases the conversion to polymeric products similarly 
increases; for example, at - 55” a 5 per cent residue was obtained, which 
increased to 11 per cent at — 12” 

It is noteworthy that the aluminum chloride used in these experiments 
rapidly became deactivated, and that addition of aluminum prolonged the 
activity of the catalyst markedly. Whereas 1 g of aluminum chloride 
promoted the formation of 750 g of ethyl chloride before inactivation, in 
the presence of added aluminum the yield was increased to 5000 g of 
ethyl chloride.^** 

The use of ethyl chloride as solvent under pressure of 60 atmospheres 
has been claimed.**" The use of a higher-boiling solvent such as tri- 
chloroethylene at 20-60° under atmospheric pressure permits the contin- 
uous removal of ethyl chloride, vaporization being effected by the heat of 
reaction.*"® 

The production of alkyl halides may also be effected by passing a 
mixture of the olefin and hydrogen chloride through a solution of alu- 
minum chloride in nitrobenzene, or by introd\icing ethylene into a current 
of hydrogen chloride containing aluminum chloride.*"* 

An investigation dealing with the addition of hydrogen chloride to 
unsaturated hydrocarbons, using chlorides of bivalent, tervalent, and 
quadrivalent metals mounted on charcoal as catalysts, reveals optimum 
conditions for production of secondary chlorides. A hydrocarbon frac- 
tion containing 31 per cent amylene was treated with hydrogen chloride 
in the presence of catalysts for the production of amyl chlorides. It was 
found that passing the reactants through a tube at 70° followed by a sec- 
ond tube at 150° gave predominantly secondary chlorides, whereas the 
reversal of this order gave all possible chlorides. Moisture interfered 
with tlie formation of secondary chlorides.*"" 

Lecndertse *"'* has studied tlie addition of hydrogen chloride to olefins 
from C4 to Cia at a temperature of —78°. In general isoolefins in which 
the side-chain emanated from one of the carbon atoms of the olefin group, 
having the structure. 


3sO- — 
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reacted rapidly to form the tertiary chloride without a catalyst; but 
olefine with a — 0=0 — structure were inert, and required a catalyst 

such as aluminum chloride for addition of hydrogen chloride. In the 
presence of aluminum chloride straight-chain olefins, with the exception 
of ethylene, yielded the normal roonochlorides together with monochlo- 
rides of higher molecular weight products. 

The addition of hydrogen chloride to diolefins such as butadiene and 
isoprene or rubber is promoted by aluminum chloride, with the formation 
of a white, spongy product.*** 

Reaction of Hydrogen Halides with Ethers or Alcohols 

Alkyl halides may be prepared by reacting an aliphatic ether with nn 
anhydrous halogen acid in the presence of aluminum chloride at a tem- 
perature below the boiling point of the alkyl halide.*** The reaction may 
be effected by passing a mixture of ether vapor and halogen acid gas 
through a tower loosely packed with the catalyst. Or, the hydrogen 
halide gas may be passed through a stream of ether carrying the catalyst 
in suspension. Water which is evolved during the reaction eventually 
renders the metal salt inartive. 

In another method,*** condensation of ethyl ether with hydrogen 
chloride is effected by passing the reactants into contact with a bath of 
molten metal chlorides which are at a temperature in the range between 
about 125° and the decomposition point of ethyl chloride. When a mix- 
ture of ethyl ether and hydrogen chloride in a 1:2 ratio heated to 60" is 
continuously led into an AlClu-NaCl-FeCla (60:30:10) bath held at 200 , 
there is obtained an 83 per cent of theoretical yield of ethyl chloiide, 
based on the ether passed into the reaction bath. 

The direct esterification of ferf-butyl alcohol with hydrogen chloride 
for production of fcrf-butyl chloride occurs in the presence of aluniinuin 
chloride.*** 

In a study dealing with the alkylation of aromatic hydrocarbons with 
alcohols in the presence of aluminum chloride, it has been shown that con- 
version of alcohols into the corresponding alkyl halides occurs previous to 
alkylation. Thus, for example, in the presence of one mole of aluminuni 
chloride isopropyl alcohol was converted into isopropyl chloride in a 70 
per cent yield.* 


Addition of Hydrogen Halides to Olefinic Halides 

1,1-Dichloroethane may be prepared in a 20-40 per cent yirhl hv 
passing vinyl chloride and hydrogen chloride over aluminum chloride at 
125“; only a small amount of 1,2-dichloroethane is formed as 
product,*** 
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An optional method of preparation involves the passage of the same 
reactants into a chlorinated solvent such as trichloroethane, acetylene 
tetrachloride, or preferably 1,1-dichloroetliane containing aluminum chlo- 
ride in Buspension at about 0*^. The yield is claimed to be almost quanti- 
tativc.^^^ In the presence of not more than 6 per cent of aluminum chlo- 
ride, based on the vinyl chloride, and with an excess of hydrogen chloride, 
temperatures of 15-60° may be used.^^" 

The addition of hydrogen chloride to j»']/ni-dichloroethylcnc containing 
5 to 10 per cent of aluminum chloride at 30-40° gives a good yield of 

1.1.2- trichloroethane; trichloroethylene similarly yields 1,1,1,2-tetra- 
chloroethane.^^^ This is in accordance with the Markownikoff rule. 
Hydrogen bromide adds on similarly to form 1,1,2-trichloro-l-bromo- 
cthanc, although in the presence of air or oxidizing agents instead of 
aluminum chloride, the peroxide effect is evident in that the product is 

1.1.2- trichloro-2-bromoethane.^“^ Reaction of 1,1-dicliloro-l-propcne with 
hydrogen chloride in the presence of aluminum chloride yields 1,1,1-tri- 
rliloropropane“ 


Halogenatioa 

Ualogcnation of unsaturated hydrocarbons, particularly olefins such 
us ethylene or propylene, is promoted by the use of a catalyst comprising 
a complex cyanide and aluminum chloride. The catalyst may be pre- 
pared by evaporating an aqueous solution of an alkali or alkaline earth 
metal fcrrocyanide or cuprocyanidc and aluminum chloride.^^^ 1,2-Di- 
chloroethane is formed by passing ethylene together with the amount of 
chlorine required for the catalyst at temperatures below 250°. Steam was 
found to promote the addition reaction and inhibit substitution. 

Ethylene polymers with a molecular weight of 2,000 to 24,000 either 
in the molten state or preferably in an inert solvent may be halogenated, 
using aluminum chloride as a catalyst, to produce horn-like, rubber-like, 
or fibrous products which are useful for electrical insulation.^^^ 

The chlorination of acetylene in the absence of catalysts occurs with 
explosive violence. According to Mouncyrat,^^® the reaction may be 
effected in presence of aluminum chloride; in recent practice, however, 
other catalysts have been used. The halogenation of nonbeilzcnoid polym- 
erides of acetylene with sulfuryl chloride may be effected at 30-36° in 
the presence of aluminum chloride to give a dichlorohexatrienc.^®’^ 

Saturated aliphatic hydrocarbons can also be chlorinated in the pres- 
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ence of aluminum chloride. Products such as tetrachloroethane may be 
prepared using a molten AlCU-FeClg-NaCl catalyst at 260-500’’.^*^ 

The chlorination of hexane fractions with or without a solvent with 
aluminum chloride as a catalyst gives heptachlorohexane, C6HtClT, which 
is a useful cleaning solvent.*'* 

Chlorination of aliphatic acids with production of the corresponding 
acid chlorides may be conducted by treating the acid witli a double com- 
pound of sulfur tetrachloride and aluminum chloride, produced by passing 
chlorine into sulfur dichloride and aluminum chloride.*** 

The halogenation of compounds containing an abietyl group has been 
claimed to proceed favorably if the reaction is conducted in the presence 
of aluminum chloride.*** 

Chlorination of acetyl derivatives of sugars by treatment with phos- 
phorus pentachloride is catalyzed by aluminum chloride.**^ If a highly 
reactive aluminum chloride is employed in excess, however, chlorination 
is effected in the absence of the pentachloride, the aluminum chloride 
serving as halogenating agent. Chlorination of lactose octa-acctatc 
occurs upon treatment of 100 g of the latter dissolved in chloroform with 
200 g of aluminum chloride at 65° for two hours.*** The method has also 
been applied to the chlorination of cellobiosc octa-acetate.*** 

The use of aluminum chloride as a catalyst for halogenation of pai- 
tially halogenatcd hydrocarbons has long been known. Tawildaroff ** ' 
observed that the action of chlorine on ethylidene chloride in tlic presence 
of aluminum chloride produces only trichloroethane (b.p. 114°), the halo- 
gen attacking only the group which does not already contain chlorine. 
Subsequently Mouneyrat *** found that temperature has a decided influ- 
ence on the chlorination of sym-dichloroethanc in the presence of alu- 
minum chloride. At 100° halogen was scarcely, if at all, absorbed; hut 
at 118-120°, the fonnation of hexachloroethanc occurred. 

1,1,2-Trichlorocthane is prepared by passing chlorine and ethylene 
chloride, in the ratio of between about 0.55 and about 0.75 part by weight 
of chlorine per part of ethylene chloride, into a bath of molten metal 
chlorides maintained at a temperature between about 300-425°. Using u 
bath consisting of 36 parts by weight of potassium chloride and 64 parts 
by weight of aluminum chloride at 350°, a 64 per cent of theoretical yield 
of 1,1,2-tricbloroethane was secured.*** 

The production of hexachloroethane from pcrchloructhylenc by rcuc- 
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tion with chlorine in the substantial absence of light and in the presence 
of aluminum chloride has been claimed.^^'^ 

The further chlorination of polyvinyl chloride with elemental chlorine 
may be effected in the presence of aluminum chloride.^*^ 

Reaction of Chlorinated Paraffins or Olefins with Olefinic Chlorides 

Much work has been done on the reaction of chlorinated parafiinB with 
chlorinated olefins in the presence of aluminum chloride. In 1911, Boe- 
seken and Prins^*^ announced that hcptachloropropane is formed by 
heating tetrachloroethylene in an excess of chloroform in the presence of 
aluminum chloride: 


CHCla + C\/2 : CCl. CHC1.CC1, . CCh 


The following condensations took place in the same way 


CCJ«:CHC1 + CHCIa > CCU . CHCl . CHCl, 

CCh :CHC1 + CCL — CCh . CHCl . CCh 
CHCl :CnCl + CCL - CCL . CHCl . CHCl. 

CHCl CHCl + CHCL ^ CHCl. . CHCl . CHCl. 

Also, 

CHChCCl. + CHCl. - CHCL . CCl. . CCL + HCl 


No indication of the formation of intermediate products was found. 
It was assumed that the aluminum chloride renders the chlorinated paraf- 
fin active, so that its molecular components attach themselves to the 
double linking of the chlorinated olefin, which has also been activated 
with the aluminum chloride. 

as^/m-Heptachloropropane has been prepared in an 88-93 per cent of 
theoretical yield by refluxing gently for 15 hours a mixture consisting of 
166 g of tetrachloroethylene, 300 g of dry chloroform, and 27 g of alu- 
minum chloride, cooling the product to room temperature and decom- 
posing with ice. Fractionation of the organic layer at atmospheric pres- 
sure removes unreacted chloroform, and the hcptachloropropane is secured 
by distillation at diminished pressure.^®^ Henne and Ladd report 
that they secured 6.8 moles of osym-heptachloropropane by refluxing 
during 20 hours 10 moles of tetrachloroethylene, 20 moles of chloroform, 
and 50 g of al umin um chloride. These investigators also prepared sym- 
heptachloropropane, CCU.CHCl.CCla, in a 49 per cent yield by heating 
520 g of trichloroethylene with 1220 g of carbon tetrachloride and 50 g 
(jf aluminum chloride at 20-30° for 48 hours. 


mS: •■••MU (IBN) to A. Lovina ud H. A. Bund (to EJ. du Font); C. A., J(i 197. 

-|V«eh P. to I. O. Fnibaninduatrie; C. A., 31. 8MT (IMT). . - 

1>U l' **' C. A., % IBIS; C. Z., 

Boinaiwi nnd H. J. Prim, K. Akad. Wtti^uDpm. 13, tU-W (lyil): Cham. Boe. Aba. 

j^’ *?.<!!“)■ Bbanriten, sie. trav. chim., A HB-150 («»)i A- “W- H. J. Praia, 

praki. OKm.. W, 4U.4M, 431-431 (1314); J. Chem. Sue. Aba., IN (I), 343 (1314). Cbrninn P. 
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The condensation of dichloroethylene with chloroform, effected by 
heating the reactants at 60° for two hours, gives a 70 per cent yield of 
1 ,1 ,2,3,3-pcntachloropropBne,^^ 

The production of polychloro-paraffins by addition of a chlorinated 
paraffin to an olcfinic halide has been shown to be a reversible reaction 
only at lower temperatures.^®^ Heptaehloropropane, CCla.CCla-CHCU, is 
decomposed by aluminum chloride into chloroform and tetrachloro- 
ethylene; 

AlCla 

ecu . rcia . riicb ^ rncii + ecu : cci. 

At 80°, the vapor preswe, which should reach a limit, increases contin- 
ually because of the formation of hydrogen chloride; a decomposition of 
the heptachloropropano to hexachloropropene and hydrogen chloride 
occurs. A thorough study of the effect of temperature showed that alu- 
minum chloride is active at a temperature at which the equilibrium in 
the equation given above is far to the left, and at which the decompositioii 
into hydrogen chloride and hexachloropropene is of secondary importance 
The formation of heptachloropropane from tetrachloroethylene and excess 
of chloroform is initiated at about 66°. Higher temperatures arc required 
if less aluminum chloride is used. An increase of temperature accelerates 
it very markedly, but at the same time the decomposition of the product 
with cleavage of hydrogen chloride appears, so that at 108°, less of the 
heptachloropropane is formed than at 100°. At 130° 90.5 per cent of 
the decomposition is according to 


CCI. . CCI, . CHCl, CCI, . CCI : CCI, + HCl 

Since the foregoing reaction is not reversible, the preparation of hepta- 
chloropropane is beat effected by using an excess of chloroform and as 
low a temperature as possible. 

Synthesis of polychlorinated olefins from lower polychlorinated paraf- 
fins may be effected by combining the Prins reaction with dehydrohaln- 
genation. Thus, when pentachloroethane is heated with 1.6 per cent of 
weight of aluminum chloride for 1| hours at 100-110°, a 96 per cent yie ld 
of tetrachloroethylene is secured: 


CHCl, . CCI. ca, ; CCI, + hci 


When the tetrachloroethylene is boiled for ten minutes with chloroform 
which had been freshly distilled over 0.5-1 per cent of aluminum cliln- 
ride, asymmetric heptachloropropane is formed: 


CClt : CCI, + CHCl, 


CHCl,. ecu. CCI, 


»H. J. Ud J. W. EaidUiArd, Bee. iw. ehim,, WL W (U85). ^ ^ a 
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A chloroform solution of the latter heated with aluminum chloride to 
60*70'’ imtil evolution of hydrogen chloride has ceased gives an 83 per 
cent yield of hexachloropropene 

CHCl. . CCl. . CCl. ecu : CCl . CCl. + HCl 

The addition of chlorinated paraffins to oleiinic chlorides in the pres- 
ence of aluminum chloride is not of general applicability Mono- and 
dichloromethane have been found to give no reaction. With the olefins, 
the reaction velocity was found to increase from tetrachloro- to mono- 
chloroethylcnc. Ethylene, itself, however, did not enter into the reaction, 
even with highly activated chloro-compounds. Certain chloroethanes can 
also add to chloroetliylenes, the reaction velocity, however, being slower 
than that with the chloromethanes. Chloropropanes do not react with 
chloroethylcnes, except pcntachloropropane. Chloropropenes, as well as 
other unsaturated chloroeompounds with a CCIb or CCI 2 group vicinal to 
tlie double bond react in the normal way. 

Reactions of chloroethanes with chloro-olefins in the presence of alu- 
minum chloride have been investigated by Prins.^^^*^ Condensations with 
1,2-dichlorocthane give only small amounts of resins, hexachloroethane 
docs not react, and sj/m-tetraehlorethane gives no condensation products. 
Under the influence of aluminum chloride, the chloroethanes split out 
hydrogen chloride, forming unsaturuted compounds which resinify. How- 
ever, 1,2,2-trichloroethane adds to 1,2-dichlnroethylene when equal quan- 
tities of the reactants are treated with 1 per cent of dry aluminum 
chloride and the reaction mixture is kept at 35-40^ for 5 days to give a 
50 per cent yield of crude 1,2,3,4,4-pcntachlorobutane: 

CH*C1 . CHCU + CHCl : CllCI — ► CIUCl . CllCl . CHCl . CHCU 


The condensation of 1,1-dichloroethaiie with a chloroethylcne for pro- 
duction of chlorobutancs has been claimcd.^'^“ Reaction is effected in the 
presence of aluminum chloride, preferably at below 60°, and with an 
excess of the chlorinated paraffin. The olefinic halide may be vinyl chlo- 
ride, sj/m-dichloroethylene, or trichloroethylene. 

An attempt has been made to extend the reaction to the condensation 
of one cliloro-olcfin with another. Hexachloropropene and aluminum 
chloride at 80° form a crystalline additive compound which reacts vigor- 
ously with fij/m-dichloroethylene, but the only product obtained was a 
compound formed by reaction of 3 moles of dichloroethylenc. On the 
other hand, reaction in dichloromethane at 6-6° gives a good yield of the 
expected octachloropentene.^^^ 

Upon reacting hexachloropropene with trichloroethylene and alu minum 


J. Prins, Am. trav, chim.. 54, 240-252 (1935) J / * 
j. PriM, juc. trav. clam., 51, 1065-1080 (loMj; ^ 

J. Prim, Iiee iruv 96. 110-125 (1037); C. A., 31, 2009. 

P. te||414 (1006); Frenoh P. 806,578 (1086) to CuiiBortium fui eloktroolitanisohe IndiutrlQ; 
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chloride, however, Frins reported an 82 per cent of theoretical yield 
of nonachloropentene. Dodecachlorohcptene is also formed, probably by 
the reaction of the nonachloropentene formed with additional trichloro- 
ethylene. The condensation may be effected in either dichloromethanc oi 
chloroform as diluent. Although chloroform is able to condense with tri- 
chloroethylene, it does not interfere in the reaction because of its low 
reaction velocity, and because the reaction is so conducted as to effect a 
firm binding of the catalyst with one of the reactants. 

Metathetical Reactions between Halogenated Aliphatic Compounds 

Metathetical reactions occur between certain types of aliphatic halo- 
gen compounds in the presence of aluminum chloride. Chloroform and 
ethyl bromide with aluminum chloride at room temperature give ethyl 
chloride and about 35 per cent of monobromodichloromctbane: 

CHCli -1- CiUiUr C.H.CI + CUCl.Ur 

1,2-Dichloroethanc and 1,2-dibromoethauc enter into the same type 
of reaction. After 35 hours at 25°, monochloromonobromoethane is 
formed.*" 

Treatment of sym-tctrachlorocthanc with bromine at 105° in the prct>- 
ence of aluminum chloride results in the production of dichlorodibroino- 
ethane, CHClBr.CHClBr, and a trirhlorotnbromoethane for which tin 
structure CCl 2 Br.CBr 2 Cl was assumed.**’'* 

According to Henne and Newman, Frins’ method for the preparation 
of polyhalogcnated paraffins cannot be extended to the condensation of 
fluorinated molecules of methane and ethylene, probably because organi- 
cally bound fluorine is replaced by chlormc in the presence of aluminum 
chloride.**** This replacement of fluorine by chlorine may be seen m llic 
production of difluorochloromethane and chloroform by treatment of 
dichlorofluoromethane with aluminum chloride under reflux at about 
atmospheric pressure at temperatures of 8-25°. 


2CHCbF CHCIT, + CHCl, 

In the same way, chlorine replaces fluorine when trichloromonofluoi'o- 
methane gives carbon tetrachloride and difluorodichloromcthanc: 


2CC3UF CCbF, + CCI 4 

A fluorine atom of one molecule is thus substituted by a chlorine atom of 
another molecule.*" 


»H. J. Pnni, Rie. trail, ehm., S, SN-«M (IM) 

OQ. Dousliartr. /■ Am. Chm. Soe.. IL t7(-580 (IIW); 0. it., 21, UM. .. 
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Halogen exchange also occurs when ethyl iodide is reacted with chloro- 
form and aluminum chloride in the molecular ratio 3:1:0.07. An almost 
quantitative yield of iodoform is secured. 

3C,H.I + CHCli 3C,H,C1 + CHI, 

Analogously, ethyl iodide with carbon tetrachloride yields carbon tetra- 
iodide.^*® 

Methyl iodide with ethyl bromide and ethylene dibromide with ethyl 
iodide similarly undergo exchange reactions : 

CH.I + C,H.Br CH.Rr + CiH.I 


C>H,Br, + 2C,H,I 2 C,n 5 Br + C.HJ, 

Redistribution has brrn found to orcur between ethylene dichloride 
and dibromide, between ethyl chloride and ethylene dibromide, and 
between ethyl bromide and ethylene dichloride in the presence of 1.5-3 
mole per cent of aluminum chloride as the catalyst.^®® 

Cleavage of Hydrogen Halides 

In the preceding discussion of the preparation of polychloro- hydro- 
carbons, it has been pointed out that under certain conditions aluminum 
chloride effects dehydrohalogenation of halogcnated compounds. In 1885, 
Kerez reported that by licating propyl iodide with aluminum chloride 
at 110-168°, a 75 per cent yield of propylene was secured. Propyl bro- 
mide and propyl chloride likewise were observed to decompose with for- 
mation of propylene and the corresponding hydrogen halides. No forma- 
tion of propane was observed with any of the halides. A few years later, 
however, Meyer reported that when primary, secondary, or tertiary 
iodides were heated with aluminum chloride in a closed tube, only paraf- 
fins were formed, although reaction in an open vessel yields olefins. In 


-iodids 

Temp. ("C) 

Product 

Isopropyl 

145 

propane 

iv-Butyl 

140 

butane 

oec-Butyl 

80 

butane 

sec-Buiyl 

160 

propane 

oeo-Butyl 

225 

propane 

lerf-Butyl 

30 

butane 

lert-Butyl 

140 

propane and butane 

40r4-Butyl 

150 

propane 

Isoamyl 

140 

butane 

860-Tu-Hexyl 

80 

hexane 

aeo-^Hexyl 

90 

hexane nnd butane 

seo-fU-Hexyl 

128 

butane and propane 

aso-n-Hexyl 

225 

propane 

8ec-Octyl 

125 

butane 


104 n Soe., B5p 1®82-1W8 (1904). ..... __ m iiur iaj? fiMoi 
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a closed tube at 130° i propyl iodide with aluminum chloride gave propane 
Other alkyl iodides also yielded saturated hydrocarbons at the tempera- 
tures shown on preceding page. 

Here the cracking of the primarily formed hydrocarbons is apparent 
at higher temperatures. 

In recent years, dchydrohalogenation of alkyl halides, for production 
of olefins, has been generally effected with catalysts other than aluminum 
chloride. On the other hand, dchydrohalogenation of polychloro- ali- 
phatic hydrocarbons is commonly effected in the presence of aluminum 
chloride. 

Mouneyrat observed that when ethylene dichlorido is heated iindii 
reflux with aluminum chloride at 70-75°, it decomposed into acetylene and 
hydrogen chloride. As has been already mentioned in studying Hr 
mechanism of the formation of o/?vwi-heptachloropropane from chloro- 
form and si/m-tctrachlorocthanc, Boeseken and his co-workers^"'® noted 
that at 130° 90.5 per cent of the heptachloropropane formed deconipo'^c'- 
into hexachloropropcne and hydrogen chloride Prins *''' secured a 95 per 
cent yield of tetrachlorethylcne bv heating pentachloroethane for \\ hou^'^ 
at 100-110° with 1.5 per cent of its weight of aluminum chloride A con- 
tinuous method for the production of perchloroethylene from pentachlorn- 
ethane has been recently descrihed.^^^ Pentachloroethane is added con- 
tinuously to a boiling mixture of perchloroethylene and about 3 per coni 
by weight of aluminum chloride, contained in the lower part of a fia(- 
tionating column so that the perchloroethylene formed is immedisitoly 
fractionated off. 

It has been claimed that the compound CmHCIb, presumably pcnla- 
chlorobutadienc, is secured upon heating hexachlnrobiitene with filuini- 
num chloride,^” 


Decomposition of Oxygenated Aliphatic Compounds 

There arc isolated citations in the literature of other examples of iln 
decomposing effect on aliphatic compounds. 

The action of aluminum chloride on anhydrides of some aliphatic 
dicarboxylic acids results in evolution of carbon monoxide and forniatnm 
of lactones and a mixture of saturated dicarboxylic and unsatiirati il 
mono-carboxylic acids,^^^ a,x-DimethyIglutaric anhydride thus yiHiN 
isobexolactone: 


flaC—C 


I \ 

\uc o 

I / 

(cii OiC-r 


^0 

HiC— r 
HaC 

I 

(CHOiT— O 
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At the same time, a,a-dimcthylgluiaric aild pyroterebic acids arc formed. 
Dimethylsuccinic anhydride yields carbon monoxide, dimcthylaciylio acid, 
and dimethylsuocinic acid. 

When camphoric anhydride in chloroform solution is treated with 
aluminum chloride, carbon monoxide is given off, with formation of iso- 
lauronolic acid and a mixture of isomeric lactones.^^" 

Chlorides of dicarboxylic acids may decompose with evolution of car- 
bon monoxide upon heating with aluminum chloride. Chlorofumaric acid 
chloride thus yields a,;8-dichluroacrylyl chloride : 

CX)C1 


CIOC 


IK Cl 

Ai 

/ 


+ CO 


dilurtil altiu doc'oin|i(isi\s with eluuvagc uf carbuii iiioiiiixiile when 
heated with aluiiiinum eliluride.^”’' The decomposing effect of aluminum 
clilnride on aliphatic aldehydes may be indicated by the fact that diaryl 
paraffins are obtained in Friedel-Crufts reaction of the aldehydes with 
aromatic hydrocarbons.^’® 

The action of aluminum chloride on methyl, ethyl, or propyltrichloro- 
incthyl carbonate results in cleavage, with production of carbon dioxide, 
phosgene, and the corresponding alkyl chloride.^’® 

When esters of tctracthylsucciiiic acid are treated with aluminum 
chloride at 200"^, decomposition occurs, with evolution of alkyl chloride 
and tetraelhylsuccinic anhydride. The latter can be separated from 
aluminum chloride without loss by distillation at 270'*. This affords a 
good method for production of anhydrides from esters whose saponifica- 
tion is prevented by steric hindrance.^®® 

A method for the production of dichloroacetyl chloride and chloral is 
based on the decomposing effect of aluminum chloride. Trichloroethylene 
is oxidized by oxygen at room temperature to an oxide. Upon treatment 
with aluminum chloride the oxidation product is converted into a mix- 
ture of dichloroacetyl chloride and chloral.^®^ 

A process for manufacture of alkyl chlorides consists of decomposing 
alkyl chlorosulfites in the presence of aluminum chloridc.^**^ 
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Betulin, abietic acid, and American colophony arc converted into 
optically active hydrocarbons upon heating with aluminum chloride.^^ 
Brus discloses the preparation of hydrocarbon oils by the catalytic 
cracking of resins such as colophony, tar, etc. Bensenc* and benzene-like 
hydrocarbons were obtained, together with solid hydrocarbons such as 
naphthalene, anthracene, and phenanthrene. 

Zelinskii and Lavrovski have studied the reaction of such substances 
as cholesterol, oleic, palmitic, and stearic acids with aluminum chloride 
with a view to elucidation of the source of petroleiun. When mixtures of 
these liquids with aluminum chloride arc heated, gaseous, liquid, and solid 
products are obtained which have many similarities to crude petroleum. 
The authors conclude that palmitic and stearic acids may very well be 
the mother substance of tlie paraffin-rich petroleums. 

The liquid-phase cracking of vegetable oils in the presence of 1 per 
cent by weight of anhydrous aluminum chloride has been described.'^"’ 
Using cottonseed, castor, perilla, soybean, tung, sesame, linseed, hemp- 
seed, and peanut oils, 34-46 per cent of oil distilling below 250° waa 
obtained. 

Aliphatic Reactions with Compounds of Arsenic, Phosphorus, Nitrogen, 
and Sulfur 

Arsenic. — In 1904, Nieuwland reported that when aluminum chlo- 
ride is added to a mixture of arsenic trichloride and acetylene, reaction 
occurred with the formation of material which gave off noxious fumes. 
Subsequently Dafert noted that at ordinary temperatures the reaction 
yielded a product which he designated as diacetylene arsenic trichloride, 
AsCl«, 2 CaH 2 , and at higher temperatures a black, organic-arsenic com- 
pound of high molecular weight. Upon passing acetylene for six houib 
into a carbon tetrachloride solution of 4AD g of arsenic trichloride and 
300 g of aluminum chloride, and keeping the temperature below 15", 
Green and Price noted Uie formation of three compounds, ()9-cliloro- 
vinyl) dichloroarsine, bis- (/9-chlorovinyl) chloroarsine, and trie- (/9-chloro- 
vinyl) arsine, the last being the main product. Use of a limited amount of 
acetylene resulted in formation of only the secondary and tertiary arsines, 
a considerable part of the arsenic trichloride being recovered unchanged 
The production of the three arsines occurs through addition of arsenic 
halide at the acetylenic bond: 

»N. D. Zdindd ud N. 8. Xoriov, Btr., (4, UM-llU (UU); BrU. Chtn. Abt.-A, 12W (lUD- 
wFtaneh P. SUfitt (107) to O. Bna; C. Z., IfJT n. ISM. ^ , 

«*N. D. Zalipdui and K. P. Lanovriu, Bor., «, IDM-lUT (UU); C. A., 22, 2RM; gf. 

89. For the fonnttioii of latumted and unaaturated h 3 ^ioearboiii by troatment of 
Mtera with AlQg, see IX. Gault and E. Bdoll, BtiU. ioe. chtm * 5, X05-9M 0988). ^ 

^Ko Pin^ /. C/imaie Chem. Boc., 3, 881-881 (1988); Bnt, cLm. Abi.-B, 980 (1938). See aIm 
J. BiiniQiL,^i2t^n0 Agr., IS, 817-838 (1987); C. A,, 31, 4318. for AIGU eraokinB of ooooanut on 
to give liydroearbonB. 
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3CH ; CH + AaCli (CHCl : CH).As 

2CH ; CII + AbCIb ^^214. (CHCl : CH)aAflCl 

CH i CH + AaCU CHCl : CH . AsCl 

It was shown that triB-(/8-chlorovinyl) arsine, usually the main prod- 
uct, can be converted quantitatively to a mixture of the primary and 
^pcondary chloroarsines by heating at 200-250° with arsenic trichloride: 


(CHCl : CH) 3 Ah + 2AflCl. — ► 3CHC1 : CII . AsCh 
2(CIIC1 : CH).Ah + AaCh — ► SCCHCl : CH)2 AsC1 


The preparation of chlornvinylarsincs was further studied by Mann and 
Popc,^®® who made a more thorough examination of the properties of the 
three products. Wieland and Bloemer account for the formation of all 
three products by postulating a mechanism involving the primary for- 
mation of (jff-rhlorovinyl)dichloroarsine, its reaction with a second mole- 
cule of acetylene to give bis()3-chlorovinyl)chloroarsine, and subsequent 
combination of this secondary arsine chloride with a further molecule of 
acetylene to give the trisubstituted arsine. 

A comprehensive study of the reaction has been made by Lewis and 
Perkins.^®® These investigators worked out optimum conditions which 
arc illustrated in the following typical run: Arsenic trichloride (35 moles) 
was treated with 0.25 mole of aluminum chloride in a two-gallon auto- 
clave, and acetylene was introduced for 2i hours at an initial temperature 
of 24® and an average of 42®, the maximum temperature being 45®. 
During this time the absorption of acetylene fell from 0.48 cubic feet per 
minute to 0.06, the total absorbed being 30 cubic feet (909 g) , or 1 mole 
per mole of arsenic trichloride. Unless precautions are taken, explosions 
occur during distillation. It was found that these could be avoided by 
washing the reaction mixture with 20 per cent hydrochloric acid, instead of 
hydrolyzing the product according to ordinary Friedel-Crafts procedure. 
Hydrochloric acid of this strength extracted the aluminum chloride and 
left a product which generally showed no explosive tendency. Flash dis- 
tillation of the washed materia] gave a 74.2 per cent yield of organic 
Jiiatter, based on the original arsenic trichloride. Of this, 74.3 per cent 
was (/8-chlorovinyl) dichloroarsine. 

This primary arsine is known in gas warfare as Lewisite. It is a 
strong vesicant and respiratory irritant. The secondary arsine, biB-(^- 
chlnrovinyl) chloroarsine, does not have as powerful a vesicating action, 
hut is more irritating, tris- ()3-Chlorovinyl) arsine is almost without 
action on the skin. 


W. J. Pope, /. Chtm. 8oc., Ul, 1764-17S0 (1M2). 
im5; WWpnd And A. BlomiHr, Ann.. «1, 34-aB (1823), J. Chem. Soc. Abi., 124 (1), 4M (1823). 
^■^W. L. Umk And G. A. Farkiiis, /iitf. Eng. Chmg., 15, 200-285 (1828). 
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Lewis and Perkin proposed that the mechanism of the formation of 
/S-chlorovinylarsines proceeds through an intermediate additive compound 
of 1 molecule each of arsenous chloride and aluminum chloride and 
3 moles of acetylene, Al(CHCl.CHCl)sAs. Subsequently, Lewis and 
Stiegler pointed out various steps of the reaction which supports this 
assumption experimentally. Since in a fresh reaction mixture, the yield 
of primary and secondary chlorovinylarsines is increased by warming 
with free arsenous chloride, those compounds must be formed through the 
intermediates, 


yCWCX . CHCk 
Al^HCt . CHCAAs 
\criri . CHCK 


yQUQl . CHC1- AflCh 
Al^CHCl CHCk. p, 
\CIIC1 . ' 


(I) 


(ID 


/CHCl . rilCl . AfrCIa 
Ai; CHCl . nif^l . AsCla 
NCHCl.ClTC'l AhCU 

(TTD 


Compound I is probably formed when acetylene is conducted into 
arsenic trichloride containing aluminum chloride; and compounds II and 
III are formed by the further reaction of I with one or two more moles of 
arsenic chloride, respectively. 

Ethylene acts somewhat like acetylene in reaction with arsenic tri- 
chloride. (^-ChloroethyDdichloroarsinc (b.p. 89-90°/12 inm) is prepared 
in very modest yield by pa.ssing a current of dry ethylene through a mix- 
ture of arsenic trichloride and aluminum chloride at 

Acetylene has been reacted with methyldicliloroarsine, CHaAsClz, in 
the presence of 40 per cent by weight of aluminum chloride at 10-15' 
The product consisted of a mixture of (^-chlorovinyDmethylchloroarsini’ 
and biB-(/3-chlorovinyl)methylar8ine. They were isolated by treating the 
reaction mixture with 20 per cent hydrochloric acid, extracting with ether, 
and fractionating the extract at reduced pressure.^®® 

Phosphorus. — Acetone condenses with phosphorus trichloride in the 
presence of aluminum chloride to yield diacetonylphosphorus chloride 
Reaction is effected by gradual addition of 80 g of sublimed aluminum 
chloride to a mixture consisting of 500 g of phosphorus trichloride ami 
2.5 times the volume of mcthanol-frce acetone, and heating gently until 
evolution of hydrogen chloride has ceased. The pure product (m.p. 36-36° 
and b.p. 164°/100 mm) is secured in a 10 per cent yield, based on the 
phosphorus trichloride employed.*®® 

It has been claimed that aliphatic or cycloaliphatic hydrocarboii*^ 
react with phosphorus trichloride in the presence of aluminum chloride iu 
yield phosphorus derivatives. The reaction is believed to proceed by fm- 
mation of a complex, R.PCla.AlCU, with evolution of hydrogen chloride* 
Addition of on alcohol to the complex yields an intemediate prodinl 
which is converted to phosphinic acid ester upon hydrolysis *®'^: 


W. L. Uwia Hid B. W. Btiwler, /. Am, Chem. Soe . 47. 2646-2566 (1626). 
u«W. W. NeknuMW uid A. S. N«krMwir. Ber,, iL 1B18-1S21 (1628). 

»H. N. Du-OuptB, /. /ndMUi Chmn, Soe. II, 106-268 (1626)$ C. A., 10, 7068. 

>MA. Miehaolu. Ber., 17. 1278-1876 (1884) ; 18, 868-610 a886). 

ttv U. S P. 8467,762 (16fa) to W. W. Woodrtook (to Vistor Chimiieal Worko). 
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RH + PCI. R . PCI. . AlCl, 

— HCl 

Cl . AlCl. H 

-‘hci* + AlCl. 

^OR' ^OR' 

Esters of phosphoric acid are obtained by treating phosphoryl chloride 
with olefin oxides in the presence of 0.5-5 per cent by weight (calculated 
on the oxyhalide) of aluminum chloride. The oxide is added in liquid or 
vapor form to the phosphoryl chloride containing the catalyst at such a 
rate that a substantial rise in temperature is avoided, the reactants being 
cooled or heated as required. Halogenatcd alkyl phosphates are produced, 
ethylene oxide yielding tris- (/3-chloroethyl) phosphate 

3(cii.i.o + poci, (cn.ci . ch>).po4 


Aluminum chloride may also be used as catalyst in the production of 
phosphoric acid esters from organic hydroxy- compounds and phosphoryl 
chloride or phosphorus pentoxide.’®® 

Nitrogen. — Aluminum chloride forms a complex with ammonia which 
serves as an excellent dehydrating agent in the production of keto-imines 
from liquid ammonia and aliphatic or aralkyl ketones. Ammonolysis 
may also be effected by heating the ketone with ammonia in the presence 
of aluminum chloride. Thu.s, fenchoneimine is prepared by heating fen- 
chonc at 180° for four hours with 4 times its volume of anhydrous ammo- 
nia and an excess of aluminum chloride.^®® 

The condensation of urea and acetic anhydride with production of 
varying proportions of ncetylurea and cyanuric chloride has been shown 
to be catalyzed by aluminum chloridc.^^ 

Carbamyl chloride yields carboxylic acid amides by reaction with ali- 
phatic or cycloaliphatic hydrocarbons in the presence of aluminum chlo- 
ride. A stable molecular compound of carbamyl chloride and aluminum 
chloride may be used, and reaction is preferably conducted by heating at 
100-200° in an autoclave.*®^ 

In an attempt to condense amides with benzene in the presence of 
aluminum chloride it was found that dehydration of the amide to nitrile 
occurred instead. This thus affords a convenient method for preparing 
nitriles. When molecular equivalents of acetamide and aluminum chlo- 
ride were heated under reflux a 60 per cent yield of acetonitrile was 
obtained.”® 


MBritJdi P. 47Mn (1086) to A. J. Poly and W. G. Lowe (to Brit. OelaneM); Bni. Chem. Ab.-B, 
187 (1088). 

»BrltLih P. 488,014 (1088) to Odluloid Corp.; C, A., 31, 1487. 

hem. Sec., S2, 820-828 (1030). 


»Brlt[ih P. 488,014 (1080) to Odluloid Corp.; C. A., 31, 1427. 

H. Strain, /. Am. Chem. Sec., S2, 820-828 (1030). ^ 

■JJ. and M. J. LangeMtal, Rve. trav. ehim., 20, 880-830 (1010); j 

“■U. a P. 3,108,101 (1080) to H. Hopff. H. Krilermann. and A. Pwy1« (to 1. O. ^rbeninduatrlo). 
***3. F. Norrie and B. M. Bturgia, J. Am Chem. Sor., 81, 1413-1417 (1B80). 
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Sulfur. — Thio-aliphatio acids may be prepared by reaction of acid 
chlorides with hydrogen sulfide in the presence of a small amount of 
aluminum chloride at low temperatures. Treatment of 50 g of chloro- 
Bcetyl chloride containing 1 g of aluminum chloride with hydrogen sul- 
fide for eight to nine hours with ice-cooling gives 24 g of chlorothioacetic 
acid. Analogously, a 40 per cent yield of thioacetic acid is secured from 
acetyl chloride.*®* 

Hydrogen sulfide adds to ethylene oxide by heating molecular equiva- 
lents of the two reactants in a closed tube for 10 days at S-IO” to give a 
quantitative yield of thioethylene glycol. 

CiH.O + H.S HB CH. . CH> . OH 

In the presence of certain catalysts, like mineral acids, aluminum 
chloride, nr chlorides of heavy metals, the above reaction is accelerated 

Metatbetical Reactions with Metal Compounds 

It has been claimed that when alkali or alkaline-earth alloys with 
lead or other elements of the fourth periodic group are reacted with an 
alkyl chloride or bromide under pressure and at a temperature above the 
boiling point of the alkyl halide and in the presence of a catalyst like 
metallic zinc or aluminum chloride, reaction takes place with formation 
of a metal alkyl. Reaction of the sodium alloy of lead with ethyl chlo- 
ride occurs with formation of an ethyl compound of lead 

Cleavage reactions have been shown to take place with phenvl- and 
rthyllead compounds in the presence of aluminum chloride : 

RiPb + AlCJ, — RJ»bCJ -t- RAICI, 

IU»b + RAlCl, ■ RJ»bCl + lUAlCl 
lUPbCl + AlCU lUPbCl. + RAICh 


With ethyllead compounds the RaPbClg compound was not isolated, 
aluminum chloride accelerated its decomposition to lead chloride, ethyl 
chloride and disproportionation products of the ethyl radicals. 

In an extensive investigation of the effect of certain catalysts on metal 
alkyls,*®* it has been shown that random intermolecular exchange of 
organic radicals occurs. Mixtures of metal alkyls were heated in the 
presence of numerous catalysts, and it was found that reaction occuried 
with formation of all possible compounds. For example, tetramethyllea<1 
and triethyllead react to give a complex mixture of all five possible com- 
pounds containing either or both methyl and ethyl groups, as well as thi 
four possible trialkyllead chlorides: 


» F. Arndt ind N Bcbr, Btr , O, JSW-im (MM) , .. 

B. Chwhitabm and M. A BMtuihiv, Compt. nad , M, Ml-244 (IISS) ; C. A., 29, 2W'> 
Bnt, Chrm. Ab>.-B. MW (IMS) _ . 

"•Bntnh P. S».81 (IMI) to C A. Krau* and C. C OsIIm (to Btendard Devdapmont Ho) 
*H. Odmaa and L D. Amnwin, /. Orp. Cham. A, lU-lM (1«M) „ . „ _ , ... h A 

_MO. CaUnnart and H. A. Baatty, /. An. Cham. Boe, <1, STtB-lTM (IBU). O Oalina^ H ^ 
BMtIy, and ft. R. Naal, ibid., ft, BU-27n (IIM) O. CMingeart and H. Boraaa, ibid., •>, 

<UM). 
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Me«Fb + EUPbCl » MeiPb + MegEtPb + Me.Et.Pb + MeEUPb 

+ EtiPb + MeJ^bCl + McEiPbCl + MeEUPbCl + EUFbCl 

The reaction was found to be general for different R radicals, includ- 
ing methyl, ethyl, n-propyl, isopropyl, s-butyl, t-butyl, phenyl, and 
p-tolyl bound to one or more metals, including lead, tin, silicon, and mer- 
cury. No decomposition occurred; there was no evidence of evolution of 
gas, or precipitation of metal, or heat of reaction; recovery of reactants 
was complete except for possible loss through handling. Examples of 
metals which display interchange upon heating to the boiling point a 
mixture of a total of 0.3 mole of organometallic compound and 1 g of 
aluminum chloride in 50 ml of hexane and subsequent heating at 60-80° 
for five to seven hours are given: 

Me«Fb + Et^Pb Et45i + Pr4Si (at 180”) 

MeJSn + EtiSn Me^Sn + Et^Pb 

MesHg + EtiHg (no solvent used) Et£g + Me^Pb 

Accurate material balance of redistribution effected in a mixture of 
tetramethyl- and tetraethyllead in hexane solution shows it to be quanti- 
tative, except for the fact that the aluminum chloride reacts irreversibly 
with the alkyl lead compounds forming alkyl lead chlorides in very 
small quantities. 

In redistribution reactions involving alkyl compounds of lead with 
those of mercury, mercury shows a greater relative aflinity than lead for 
methyl with respect to ethyl radicals.-®®** 

Isomerization of Paraffins and Cycloparaffins 

When paraffinic hydrocarbons are treated vrith aluminum chloride 
under mild conditions, isomerization may occur with conversion to 
branched paraffins. The reaction is reversible, an equilibrium existing 
between the straight-chain paraffins and the branched constituents. It is 
accompanied by cracking, dehydrogenation, and polymerization of the 
resulting olefins. The following cases of isomerization with aluminum 
chloride which have been observed do not include the production of 
branched cleavage fragments: 


liiitiul Farofliji 

Conditious 

% of the Branched 
Coiutitueut in the 
Equilibrium Mixtuie 

Hof. 

fi -Butane 

ISOo/aO atm.; 20% AlCl|4-5% llUl 

66.5% of laobutane 

1. 11 

n-Butano 

70-110* 

67-74% of isobutaoD 

12 

ri- Butane 

activated carbon impregnated 
with AIQ. 

uobutano 

S 

n-Butoae 

n-Poitane 

below 110*; HCX present 
at l60*/prflBBUre 

Mobutane 

27% of 2-meUiylbutanB 

18 

1 

»»-Penlanfl 

AlCU+HX; llgO, or alkyl 
oklunden 

liquid phase: chief pioduct, 65.0% 
of 2-aiethylbutane; vapor phase: 
oliivf product, methylpropana 

4 

O'-Peutane 

>10% A]aB+>2% Ha at 

>200*/>10 atm.; granular ouinur 

opticMial 

2-mcthylbutane 

2 


G- CaUngMrti U. Soiocib. and G. W. Thomeun, /. Am, CAwi. floe.. 62, 1642-1M5 (1040). 
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Initial Fhraffin 

(^ondiiione 

n-Pntane 

AlCL eomplex with aralkyl hydru- 
oarbon ueed ae oatalyet 

n-Hexane 

at 88” 

fi-Hexane 

8-8% AlCU at briuw 100* fur 
eeveral hre. or at room tonp. 

With AlOfl+HCl or alkyl 
halidm 

n-Heptane 


n-Heptane 


n-lieptane 



fi-UppUne 

1% AlCld at 22" fnr 8 hra /5 
atm. U| 

n-Hcplone 

10% AlGla4Ha; 5 lire, at 40". 

n-Ootane 

10% AIGU+HQ; 1-8 hn. at 50-60* 

n -Octane 

HCl had to be preeent aitli 
AIGU to effect laomerization 
at room iompemture 

n- Octane 

6% AlCU at 405-410* for 8 hre / 

70 atm. Ilf 

n-Ootaae 

10% AlQa+HC3/rooni temp, and 
atm. preeeuro for 140 hre 


% of the Bmohad 
Oomtitiraiii in the 
liquililirium Mixture Ui-r 

IB.8% of iaopentone IS 

60% of 2-iUDthylpoiitanc 6 

uuunore of hoxoM 4 

4% of S-mothylbcatanB 7 

(of the n-heptone eoneuniod) 

leoheptane S 

dimethylpentane 

1 6% 3,4-dimethylpentnne 6 

1 6% 8-methylliex«ne 
1 2% B-methylhezane 
(above valuea baa<*<l on the 
n-h^tane eoneumnl) 

8% of uo-cumpouiidfl uf lirplniiu 10 

10% jeo-coiiipuujicle uf hrpUiiit' 14 

31-37% of i8o-or1imp 14 

uo-coinpouiidfl uf (M’iuiip 0 


18% of iHD-ciiiniiounils uf urtnop 
40% nf iMo-PunipiiuiiilH of CM'iiiai 


Ae/erencee 


1. FtaMh P. 833.506 (lOU) to UniverBid Oil Proiliiete Co.; A . 32, 5410 

8. Brit. P. 408,408 (1038) to Cniveml Oil Products Co.; JOnf. Chtm dhe -B, 354 (1U3D) 

3. U. S. P. 3,10B.4M (1088) to V. N. Ipeticff and H. Pmos (to UiuvotmU Oil PiuduuiH Vu ) 

4. A. L. Olaiiebrook, N. E. PhilUpa, and W. G. Lovell, /. Am Chtm Sar , SB, 1044-1048 (1030) 

C. A., », Bill. 


5. C. D. NenitMMU and A. Dragon, Ber., 86, 1888-1800 (1833), C A , U, 1025 
0. B. L, Moldaveku, M. V. KobuirekeyB, and B. £. Livahit/, /. Urn. Chcm (U.S SR), 5, 
1701-i|707 (1036); C. A., 30, 8402; C. Z , 1937 I. 2678. 

7. G. Gnlmgaert nnd D. T. Flood, J. Am. Chtm. Boe., SO, 050 (1836); C. A., 29, 4826 

0. O. jPeia^gert and H. A. Beatty, J. Am. Chtm. Bpc., SB, 61-64 (1036); Brit. Chtm Abn -A. 

0. A. P. Maehebenrakoo and E. P. Kaplan, Bvll. aead. Set. (U.B3R.) CiiuBe aei. math. not. Scr 
ehm., lOU-1000 (1038); C. A., 33, 8280. 

10. A. D. Peitro^ A. P. Meihoheryokoo, and D. N. Audieev, Bor., 68, 1-5 (1035). C. A., 29, 2145 
C. Z., IfSB 1, 043. 


11. Brit. P. 400,812 to Univneal Oil Froducte Co.; Bnt Chm. Ab«.-B, 853 (1830). 

13. B. L. MoldavridI and T. V. Niaovkina, /. Om. Chtm. (U.3,BR.), 9, 1682-60 (1838). C A 

34, 1060. NaU, Petrolmim Newt, Nov. 27, 1040. 
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1041. 
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Cyclohexane isomerizeB to metkylcyclopcntane in the presence of alu- 
minum chloride.^ It has been found by Neniteescu and Cantuniari 
that freshly sublimed, anhydrous aluminum chloride scarcely affects 
cyclohexane. With aluminum chloride containing water, a reversible 
isomerisation occurs: 


••O. AtAan. Amt.. M, 1-N (tlN). M. D. Zdlniktt .nd M. B. Tuniva.FoU.k, Bir.. 

(Ul£ C. A., k (M. N. V. Zdlndoi ud M. B. Ttiriiv.-F«l]r.fc. Om. Chtm. (U. & S. KJ. 2> 
m-lh a., W, mm. 

wC. P. NtnHMOi iBd I. P. ChntUDhrl, Sir., tf, 1H7-11H (IHI). Br«. CAwn. XAf.-A. Ml (UW’ 
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At the boiling point | the equilibrium mixture was found to consist of 
about 78 per cent of cyclohexane and 22 per cent of methylcyclopentane. 
The transformation of cyclopentane into methylcyclopentane does not 
seem to be due to the smaller strain of the cyclopentane ring, for the 
strain-free cyclohexane ring appears more stable and less reactive. 

Since the isomerization of cyclohexane is reversible, aluminum chlo- 
ride acts on methylcyclopentane to yield cyclohexane. An equilibrium 
mixture containing 84 per cent cyclohexane and 16 per cent methylcyclo- 
pentane has been reported. Ethylcyclopentane gives an equilibrium mix- 
ture containing 97 per cent of methylcyclohexane.^’^ Propylcyclopentane 
likewise is converted to a six-membered ring.^'^ Isomerization of the 
higher alkyl cyclopentanes is accompanied by cleavage of the alkyl 
group, as shown in the following conversion 

ethylcyclopentane 1 methylcyclohcxane 

propyl- or isopropylcyclopentane: 1 ,3-dimethylcyclohexane 

n, 8, or f-butylcyclopentane: 1,3,5-trimethylcyclohexane 

The isomerization was effected at 50°; over 80 per cent yields of 
isomerized products were obtained.*'* 

Olasebrook and Lovell have shown that the reaction of cyclohexane 
or methylcycloiientanc in the presence of aluminum chloride promoted by 
water or hydrogen chloride results in an equilibrium consisting principally 
of the two hydrocarbons. With cyclohexane, not more than 6 per cent of 
the hydrocarbon is used in side reactions. These investigators deter- 
mined the equilibrium constants for the isomerization reaction at 10° 
intervals, from 25 to 77.4°. These data were used to compute values of 
the free energy change, heat of reaction, and entropy chahge. These same 
constants calculated from specific heat data are in poor agreement with 
those obtained from the equilibrium measurements. 

When cyclohexane was treated with aluminum chloride and hydrogen 
chloride in the absence of air in a closed autoclave for 24 hours at 150°, 


B. Turova-Pollak and N. B. Banmovakaya, /. Oen. C^em. (U. 8, R, R), % (IjM); 

J;* A., ^ Q2M. M. B. Turova-Pollak and Z. Makapva, /. 0«n. Chem. (U. 8. S. R.)i •» 12W-B2 (1B8Q), 

M. B. Turova-Pollak and 0. I. Polvako\B, /. 0<n, Chetn. (U. 8, 8. R>)t 9, M8-M8 (1989), 

p A., as. dim 

‘and V. N. Ipatieff, /. Am Chem Soc , 61, lOTD-lOn (IMB); ibid. Paper preamtid to 

~ «. .. w..pju» a. i. 

““a mr.,t. (»), M.. »» ... 

■eoted to tlio Oripulie Division, Amerioan Chrmioal Boc , Baltimore, IBBQ. 
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not only isomeriBBtion to methylcyclopentlme, but also dehydrogenation 
was found to occur. A subsequent combination of two cyclohexyl radicals 
to form a mixture of dimethylbicyclopentyl and bicyclohexyl took 
place.®* 

Grignard and Stratford *** have reported that cyclohexane and methyl- 
cyclohexane are not changed at 120-150° in the presence of 20-30 per cent 
by weight of aluminum chloride. Like treatment of o- and p-dimethyl- 
cyclohexanes, however, revealed an isomerism into the m-derivative, the 
p-compound undergoing the change more easily. Cyclohexane with Ci 
and Cs side-chains was cracked only to the extent of 1 to 5 per cent. The 
remainder was isomerized to m-methyl derivatives; m-diethyleyclohexanc 
was found to yield largely totramethylcyclohexane. The three butyl- 
cyclohexanes gave a mixture of tetramethylcyclohexanes as the principal 
product. Amyl and isoamyl cyclohexanes gave more cleavage products, 
but methylcyclohexane was also formed, together with tetra- and penta- 
methylcyclohexanes. 

Alkyl derivatives of cyclohexane have been shown to isomcrize when 
heated with 10 per cent of finely ground aluminum chloride at 120-130°. 
Methyl-, dimethyl-, and ethylcyclohexanes are converted to fivc-mcm- 
bered rings.^^* Boiling methylcyrlohexane is changed to the extent of 
1 per cent to 1,2-dimethylcyclopentane.®** The reaction is reversible. 

It has been shown by Zelinsky and Turova-Pollak that aluminum 
chloride acts on ris-decalin to convert it irreversibly into the tran‘- 
isomeride: the da- form of the decalin is first isomerized under the influ- 
ence of aluminum chloride and is then transformed into a bicyclic system 
composed of 2-pcntamethylenc rings. Cleavage products are formed 
simultaneously.*® According to Jones and Linstead,*®* isomerization of 
decalin proceeds with formation of dimethyl-0,3,3-bicyclooctane. The 
material from decalin probably has the trans- configuration. 

When cu-0,3,3-bicyclooGtane is allowed to stand at room temperature 
in contact with aluminum chloride, it is converted into a crystalline 
isomcride, m.p. 132°, which is probably 1,2,3-bicyclooctane***: 

CQi CHi CH CHi 

The isomerizing effect of aluminiun chloride is apparent in the 30-44 
per cent conversion of pinene to camphene upon heating with a mixtine 

"V. N. Ipstiefl and V. I. XoniBrainky, I Ant. Chan. Boe., H, im-llOS (WM). 

»V. Griinwd kiul B. Btntford, Compt. rend., ITS, SlU-UU (ISM); C. A., U, SllO. 

"M. B. TBnm-PoUik uid N. D. ZalliukB, B$r., M, 1781-I7S5 (I9W); C. A., », TMl 
■*C. D. NibHmnu, B. CianneMU, ud I. P. OMtunuri, Per., TS, m-S88 (inT); ef. Anurv 
Chan., SJ; MI-MS (lISI). 

MN. ZellMlqr and H. B. Toravn-Poltak, Ber.. SS, UN-lMl (IMS); », iMS (»H); C, lUI-lHa 
ZeM iiihH uid M. B. Tnrovn-Palydt, A AppM Chan. (D. B. B. B.}, 1, TiS-TM (!>»)> 

B. L. Jim and B. P. UMtend, /. Cfcem. See., Sll-Bll (MSI). 

•"3. W. Buiett nod B. P. Uuteed, A Chan. Boe., Sll-llS (MSS). 
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of aluminum chloride and magnesium chloride, or a 30-56 per cent con- 
version by heating with aluminum chloride and aluminum oxidc.^^ 

Dicyclohexyl, heated with aluminum chloride at 100° for 50 hours, 
yields chiefly frarw-bicyclohexyl (b.p. 217-219°), from which 2,6-di- 
methylnaphthalenc is obtained by dehydrogenation. 

Isomerization occurs during cracking of hydrindane with aluminum 
chloride.^^® When hydrindane is heated at 170-230° for ten hours with 
the catalyst, it forms 23 per cent of hcxamethylene hydrocarbons, 66.5 
per cent of pentamethylene hydrocarbons, and 10.5 per cent of saturated 
aliphatic hydrocarbons. The 5-membcrcd ring of hydrindane is very 
stable toward isomerization, but the 6-iucmbered ring splits easily and 
tends to isomerize to a 5-membered ring, giving bicyclic hydrocarbons 
with two 5-membered rings. 

Isomerization accompanying Fricdel-Crafts reactions is discussed 
under Friedel-Crafts alkylation.* 

Miscellaneous Isomerizations 

Chlorofumaric acid chloride is isoincrizcd to the extent of 85-87 per 
cent into chloroinalcic acid chloride wlien heated on a water-bath with a 
molar equivalent of aluminum chloridc.^-^ Dibromofumaric acid chloride 
is likewise isomcrized, but during the reaction an exchange of halogen also 
occurs, BO that the product is dichloromaleic acid chloride. 

The unsymmetrical form of dichloromaleic acid chloride is converted 
into the symmetrical form by aluminum chloride 


Cl . C— CJCl. Cl . C . COCl 



The sensitivity of dicarboxylic acid chlorides to aluminum chloride 
depends upon the comparative stability of tlie isomeric forms. The fact 
that succinyl chloride is not isomerized by treating it with aluminum 
chloride, under the same conditions which result in conversion of fumaryl 
chloride to maleic chloride, is probably due to the fact that the symmetric 
and unsymmetric forms of succinyl chloride are in equilibrium with each 
other.^^T 

Aluminum chloride catalyzes a stereochemical rearrangement of 
sugars.^ 


KoniKtau End C. Fujio, Mem. CqU. ScL Kyoto imp. (/niv. Senea, 7A, No. 6, 8fi8-BD5 (1924); 
C.d.. 19, 281B. 

J. Lavina, J. K, Juripv, and A. I, Loschkoinoinikov, /. Cen, Chem. (V. S. S, R.)t 7, 341-849 
Ugi); HrU. Chem. Ab«.-A (11), 980 (1987). 

*"M, B. Turova-PoU^ and F. 1. PodDl’akaya, /. Oen. Chem. (U. B. S. R.), 7, 1788-1741 (1987); 
C*. A.. 32, 888. 

* page 94. 

Ht, Orpanic 


!E. Bvntheeet, 11, 88-91 (1981); Ann., J92, 248JMW (1012). 

L. Lader. /. prakt. Chem. (if, 130, 288-289 (1031); C'. A.. 2^ 42W; C. Z., 1931 U, 887. 
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Cycliiing Activity of Alrnnianin Chloride 

In 1902, Asohan ^ euggestcd that the presence of naphthenes in min- 
eral oils may be due to cyclization of compounds of the olefin series which 
result from the initial decomposition of fossil fat. Liaboratory experi- 
ments, using aluminum chloride for cyclisation of pentene to methyl- 
qrclobutane substantiated his theory.’*’^ 

According to Engler,^’* however, naphthenes arc not formed from 
amylene and aluminum chloride at the ordinary temperature, nur by 
boiling methylcyclobutane. He suggested that naphthenes in naturiil 
petroleum are produced partly by direct condensation of olefins. An 
intermediate polymerization to viscid oils of high molecular weight and 
subsequent decomposition of these products to naphthenes is postulated. 
£:q)eriments with commercial pentene (b.p. 37-38°) and aluminum 
chloride showed production of little, if any, naphthenes. Heating amy- 
lene with aluminum chloride under various conditions led to formation of 
gases, but other products, boiling up to about 200° and consisting essen- 
tially of hydrocarbons of the series were also obtained. 

Other investigators, however, substantiate the cyclizing activity of 
aluminum chloride. The cyclization of pentene into cyclopentane has 
been noted by Cox.^^* According to Nenitzescu and Dragon, the action 
of aluminum chloride on hexane and heptane results not only in isomer- 
ization, dehydrogenating condensation to higher hydrocarbons and cleav- 
age of the chain to lower paraffine, but also to a dehydrogenating cycliza- 
tion to mono- and bicyclic paraffins. Hexane yields cyclohexane and 2- or 
3-methylpentane. With heptane, accompanying side reactions result in 
the formation of 1,3-dimethylcyclohexane, methylcyclohexanc, cyclo- 
hexane, and bicyclic paraffins, together with isomerization and cleavage 
products. 

The conversion of butenes to a mixture of naphthenes by aluminum 
chloride has been patented.^"” When liquefied butrac is treated with alu- 
minum chloride in the proportion of 28 g of the former to 0.5 g of the 
latter, and the temperature is kept below —10°, after two hours there is 
obtained a practically quantitative yield of naphthenes distilling as 
follows: 


260-290717 mm 

Bg 

270-360717 mm 

13 g 

above 3S0°/17 mm 

6 g 


The presence of aromatic hydrocarbons in distillates obtained by 
cracking petroleum with aluminum chloride is tied up with the cyclizmgi 
cracking, and hydrogenating activity of the catalyst. It is possible that 
naphthenes, formed by cyclization of olefins are dehydrogenated to aru- 


■•0. OnliMi, Xim., IM, l-M (IWH)! 1. Chem. Sac. Aba., U U). TW (1H2). ^ 

^ O. AMihAii, “NiipbthaivHrbfaiduiigan, Terpene und Oaaiphmtimi'' w. do Gruytor A Co , U > 
i&d Loradg. 19N, p. B-10. O, Aielmi. Ovtnikt i^mska. Vet, Boc,, Slf U 
■t cTlSfiar, B0r., 42, 4610-4411 <1601). 

« a Bbgtar Bud 0. lUnitala, 4i 4616-4660 (1006). 

mm. V. C<K, ByU. fM. ehm., 27, 1646-1618 (1686). C, A,, 26, 666. 

D. Nmitioeu and A. Oragu, Bwt„ U, lOH-lNO (!«»); C, A„ 1086. 
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matio hydrocarbons.**'' Pictet and Lerczynska *•* suggest fonnation of 
alkylated saturated naphthene nuclei, which are cracked by aluminum 
chloride in such a manner that the side chains entrain with them hydro- 
gen atoms from the nuclei, with a consequence that the nuclei become 
UDsaturated aromatic hydrocarbons. 

Occurrence of aromatic hydrocarbons in gasolines obtained by crack- 
ing in the presence of aluminum chloride has been frequently men- 
tioned.*** TTie kerosene fraction obtained by cracking Perm crude oil has 
been reported to contain 60 per cent of aromatic hydrocarbons, and the 
gas oil 65 per cent of aromatic hydrocarbons.*** Cracking paraffin oils 
with aluminum chloride has been noted to give an oil containing 24 per 
cent of aromatic hydrocarbons.**^ 

Increased yields of aromatic hydrocarbons are obtained if cracking 
of kerosene is conducted in the presence of nascent aluminum chloride 
such as is produced by using aluminum and hydrogen chloride as cleavage 
agents, or in the presence of aluminum chloride and hydrogen.*** The 
effect of nascent aluminum chloride on a hard paraffin consisting of 
ppntacosane has been contrasted with that of anhydrous aluminum chlo- 
ride under the same conditions.*** With nascent aluminum chloride at 
210-220° for 40 hours, about 80 per cent of gasoline was secured. This 
was distilled into 5-degrce fractions from 30 to 122°, in which were found 
from 4.08 to 46.0 w'cight percent of aromatic hydrocarbons. Using anhy- 
drous aluminum chloride, the weight percentage of aromatic hydrocarbons 
was only 2.25 to 6.10. 

In an investigation of the use of various chlorides in the catalytic 
cracking of gasoline, it has been found that nascent aluminum chloride 
is especially active in raising the aromatic and paraffin contents of the 
product at the expense of the olefins and naphthenes. The distillate 
below 160° was increased ten- to twentyfold.*** 

The greater cyclizing reactivity of nascent aluminum chloride over 
anhydrous aluminum chloride has been attributed to the reducing power 
of the nascent hydrogen, released in the formation of aluminum chloride, 
which retards the polymerization of the unsaturated bodies.*** 


,*c/ N. D. Zdinikil nd M. E Mikhlin, /. Aniud ChanMtTV (V. S. S. R), *, 1«-H (I'M); 

e. X , rr, sirs. 
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Chapter 18 
Polymerization 

Anhydrous aluminum chloride is a powerful polymeriaing agent as 
well as a condensation agent. It may be considered a two-edged sword 
aluminum chloride will polymerise various unsaturated hydrocarbons, 
but if these same polymerized hydrocarbons are left in the presence of 
anhydrous aluminum chloride, or subjected to more drastic conditions, 
they will decompose, or crack, or dcalkylate into smaller units. There- 
fore, anhydrous aluminum chloride is an erratic polymerizing agent at 
beet, and must be handled with care if high molecular weight compounds 
are to be obtained. It may be well for the sake of clarity and for the 
sake of nomenclature to review hastily some of the work which has been 
done in the field of high molecular weight compounds. 

Staudinger^ discriminates between three main groups of molecular 
colloids of macromoleculee. 

(1) Hemicolloids with a molecular weight up to 10,000 correspond- 
ing to an order of polymerization equal to 20 to 100 units 

(2) Mesocolloids of the order of polymerization of 100 to 1000 hav- 
ing a chain length of 250 to 2500 A units 

(3) Eucolloids, substances of extremely high molecular weight, vith 
polymerization units of over 1000 and chain lengths of over 2500 
A units. 

These long-chain molecules have the characteristic properties of lyophilic 
colloids Their solution is accompanied by intense swelling of the solvent 
in which they are placed, and if soluble at all the dilute solutions arc 
highly viscous. They show a high capacity for film formation and are 
oftmi highly elastic. Whereas some unsaturated compounds, such as a 
styrene, acrylic esters, vinyl esters, etc , can give hemi-, meso-, or cucol- 
loid products, according to the method in which they are polymerized, 
other compounds yield hemicolloids only. 

These long-chain polymers result from the condensation or addition 
of compounds having two functional groups. If one or both of the reac- 
tants contain more than two functional groups, two-dimensional or three- 
dimensional polymers are formed. In the polymerization of cyclopcnta- 
diene, a completely insoluble two-dimensional product was obtained.’^ 

Hj rn> / CHA riu 

:A: ^ iMA-bi 

BUndm^, '^Dip hodunolekulftTen orKnniMihpn vnrdindunffpii Bprlin,” J Spiitiftpr, 

* H. BlBudingRT and H. A Briuon, Ann , 447, 77-110 (11^) 
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Three-dimensional structures have been assigned to phenolic and 
alkyd resins.® The cross linkages in this type of polymer result in an 
insoluble or infusible resin. Heat-convertible resins belong to this type. 

Usually hydrocarbons like indene and styrene give polymers of rela- 
tively short-chain molecules. The following table gives a list of unsatu- 
rated hydrocarbons and the various types of colloids which can be pro- 
duced from them. 


Some Polymerisation Properties of Unsaturated Hydrocarbons Obtainable 
from Cracked Distillates ** 


Riiflic Molecule 
CHn-C(CU.), 
(iflobutene) 

Conditions of 
PolymeriBation 
catalytic 

.Solubility of 
the Polymer 
easily soluble in 
C„11 b,CCU. 
etc. ; insoluble 
in acetone 

Kind of the 
Polymcrio 
Pr^ucts 
from hemi- 
colloid to 
eUDolloid 

Order of 
Polymer- 
ization 
10-1000 

Bef. 

// 0 IO. Chim. 
iicta, 13, 
1375 (1030). 

Cyl3| CH ■ G^Hs 
(Btyrene) 

npon tan ROUS and 
catalytic 

easily Soluble in 
CCUi 

etc.; insoluble 
in acetone 

euoollqid to 
liemiBolIoid 

10-5000 . 

Ser.. 62, 

241, 2012, 
2021 . 

Clla=-CH.CH=CHa 

(butBdiene- 1 , 8 ) 

cm 

/ \ 
C.Ht ClI 

\ 

ca 

tiiermal and 
catalytic 

easily soluble in 
CiH«. ecu* 

from hemi- 
colloid to 
eii colloid 

10-1000 

Per., 67, 

1171 (1034). 

calalytic 

soluble in 

CiHti CCI 4 

Uenii- colloid 

10-100 

Uelv. Chim, 
Aata, 12, 

034 (1029). 

(inda.) 






CH=CH\ 

1 >cu. 

CH=CH' 

( ryol open tad ifnie) 

RpontiincpuR and 
catalytic 

soluble in 
organic 

Boh'cnts 

liiiiirilcciilBr 

hemi-cpIlDiil 

2 lo 

approx. 

100 

Ann.. 447, 

07, no 
(1026). 


Often only limited ewelling polymen ere formed; see U. Btaudinger and W, ilcuer, Ser., (7, 
SiaudinBer, Tmn». Faraday Sac., 32, 102 (1030). 


It will be seen that all of these studies have been made on the polym- 
erization of single compounds. The number of synthetic substances can 
be further increased by polymerization of a combination of compoundSi or 
in other wordSi by polymerization mixtures of different unsaturated sub- 
stances. Polymerized products of these combinations of compounds are 
of great technical interest. The complirated structure of the resulting 
polymers makes it exceedingly difficult for the investigator to follow 
their path of polymerization. Since it it well known that the hemicolloids 
are in general the most soluble, they lend tliemselves to applications 
where solubility is desired, such as in the surface-coating industry. 

Various workers in the field of polymerization have established that 
when polymerization takes place with formation of a long chain, the 
Resulting polymer is soluble. When polymerization takes place in three 
dimensions, the resulting polymer is in.solublc and is usually "infusible.” 
Aa has b(5en mentioned, styrene is an example of long-chain polymer; 
1‘xainpleB of three-dimensional or space polymers are phenol formalde- 

"W. H. Cbrothm, Cham. Rta.. B, 402-404 (1081). 
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hydc condensation products. Products of straight-chain polymeriza- 
tion, for example styrene, arc generally much mure soluble than a 
polymer of phenol and formaldehyde with the same molecular weight. 
However, in polymerizing to form macro-molecules of great length, 
styrene uses up its only available bond and the resulting polymer theo- 
retically has practically zero iodine value.* This may be one of the 
reasons why styrene undergoes so few side reactions to form three-dimen- 
sional polymers, but continues to form a straight chain. Therefore, the 
macro-molecule of styrene is generally unreactive chemically. Data have 
been offered to support the assumption that polystyrenes contain one 
double bond per molecule (the terminal double bond) no matter what tlic 
size of the molecule.^ 

Diolefins, on the other hand, with the proper catalyst, also polymerize 
to straight chauis, but because of the manner of addilion, it is possible lu 
obtain a straiglit-chuin polymer of isoprene which has a rather liigli 
molecular weight but still has u high iodine value. 

Aluminum chloride usually is employed as a catalyst only with hydro- 
carbons; with compounds containing oxygen or elements other than 
carbon and hydrogen there is usually u reaction between the oxygen or 
other element and the aluminum chloride, forming a complex which modi- 
fies the effect of the aluminum chloride. 

The use of aluminum chloride, as well as other halides, as a polymer- 
izing catalyst has been comprclieusively reviewed in several texts dealing 
especially with polymerization.'' 

Polymerization of Olefins with Aluminum Chloride 

Olefins in general have a great affinity for aluminum chloride. Fur 
example, when a solution of an olefin in an inert solvent like curbuii 
disulfide is agitated with aluminum chloride, the entire olefin is precipi- 
tated on the aluminum chloride and the resulting carbon disulfide layer is 
olefin-free. The reaction is nearly quantitative. This same phenomenon 
occurs with other olefins such as propylene, butylene, amylene, and other 
higher molecular weight olefinic compounds. Usually the polymers are 
not of great molecular weight, that is, the products are generally hciiii- 
colloids and are of an oily or semi-solid nature. This phenomenon has 
been made use of in the manufacture of lubricating oils, whore aluminum 
chloride is agitated with various olefins to form a high-grade lubricant or 
motor fuel. In the polymerization of olefins with aliuninum chloride u 
theory of polymerization based on the electronic structures of aluminum 
chloride and olefins has been advanced.'' Here we have first a coupling 
of the olefin with the metal halide which can be represented as fullun>: 

« W. a. Otrothan. Chm. Jtm., I. MS (IHl). 

* a. B. Wbitbr, Trani. Faraday Boa., 12, tU-US (ItU). 

•OwletoD miig. "The (amnittiy of Byntfaotio RMini," Now Yorb, Roinhold PublukinK 
im. R. E. Burk, B. B. ThamiMan, A. I. Woith, and I. WiUianio, "PulyiiMriiotion,' New re ' 
Reinhald Pubiahim dorp., VKI. 
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R R Cl 

R : C : C : R + A! : C\ 
C\ 


R R 


R:r :C :R 
n : A1 : Cl 
Cl 




This complex is a highly activalod mnlerule by virtue of the one carbon 
which is momentarily three covalent. If it should come into contact 
with another molecule of an olefin, immediate combination would result. 
This new complex, 

R R R R 
R :C :C :r :r :R 
R R 

Cl : A1 ; Cl 
Cl 


would still be in an activated slate, and could, therefore, react with 
another molecule of an olefin in the ^^ame manner. The chain grows very 
rapidly through the formation of complexes. The length of the chain 
will depend on the heat of reaction, the ability of the coordinate bond to 
maintain this combination, and the possibility of ring formation Assum- 
ing that the complex combines with additional molecules of olefins, and 
that the hydrocarbon chain growls in the complex itself, it is difficult to 
understand and explain the fact that olefins of various molecular weights 
are always found in the reaction products. 

Isobutylene polymerizes readily in the presence of anhydrous alumi- 
num chloride, and if the reaction is kept at extremely low temperatures, 
in a suitable solvent relatively higli molecular weight polymers can be 
obtained. These, however, arc still in the heniicolloid class.® Boron tri- 
fluoride wi|l polymerize isobutylene at a temperature of —80° or below, 
to form high molecular weight polymers ranging from hemicolloids to 
cucolloids, where the order of polymerization is from 10 to over 1000 
units.® Since there is only one double bond available in these simple 
olefins, the resulting polymers, particiilarlv if they are of high molecular 
Weight, are practically saturated and arc relatively stable to chemical 
reactivity. 

In the polymerization of olefins with aluminum chloride, the addition 
of hydrogen chloride increases the reaction velocity and generally changes 
the character of the reaction. Pure ethylene has been found not to 
polymerize in the presence of really pure aluminum chloride even under 
pressures up to 60 atmospheres at 10-50° ; the presence of traces of hvdro- 
gen chloride or moisture is necessary for the reaction This would indi- 
cate that the mechanism of olefin polymerization nonsists of a preliminary 
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aluminTim chloride-oatBlyzed addition of hydrogen chloride. The alkyl 
chloride thus formed unites with a molecule of olefin, thereby losing 
hydrogen chloride which is again used for the transformation of another 
molecule of an olefin into an alky] chloride. In the case of ethylene, the 
reactions occurring could be portrayed thus; 

CHi : CHi + HCI CHiCHiCl 

rH.CH.cn + CH. : CH. CH.CH.CH. : CH. + HCI 

CH, : CH. + HCI CH.Cn.Cl 

CH.CH.C1 + CH.Cn.CH. : CH. — >CH.Cn,CH.CH.CH. : CH, + HCI 

High molecular polymers of ethylene are not formed because of hydro- 
gen disproportionation of the mono-olefin into a mixture of paraffins and 
unsaturated naphthenes. In an investigation of the action of aluminum 
chloride on a number of aliphatic olefins (ethylene, butylene, pentenes, 
octenes, decenes, and hcxadecene) at temperatures of —78 to -t-70“, the 
products obtained were liquid.^* Cyclization was found to occur at 
pol3mierization temperatures as low as —78°. In this study the effort 
of a large quantity of hydrogen chloride on the action of aluminum 
chloride was also made apparent. Where aluminum chloride alone did 
not give rise to material polymerization, considerable quantities of high 
molecular products were formed on the addition of hydrogen chloride gas 
These researches thus stress the importance of hydrogen chloride in 
polymerization with aluminum chloride, and question the role played by 
activated aluminum chloride complexes hitherto discussed. That thr 
part played by hydrogen halides is noteworthy is evident when it is 
realized that those olefins which add a molecule, HX, most readily, also 
polymerize moat readily 

Several well-substantiated theories dealing with the catalytic polymer- 
ization of olefins have been discussed, and it has been shown that gener- 
ally there is assumed the formation of an intermediate compound result- 
ing from the addition of hydrogen, hydrogen chloride, phosphoric acid,| 
or metal halides to the olefin. The formation of such intermediate addi- 
tion compounds, however, cannot explain the thermal polymerization of 
olefins. Although no extensive mention will be made here of the yarioii'’ 
explanations which have been advanced for the thermal polymerization 
of ol^ns, it should be pointed out that these are necessarily based on 
changes in which the olefin molecule itself is involved. There may be 
eitiier a preliminary dehydrogenation** or a momentary formation ot 

»V. N. lutirir rail A V Gromr, /. Am. CAcm. Sue.. SS, IM-n7 (IM). 
h ^^tertnan anrl J. J Lpc^ndeTU^ J. Jntt. Petr, Tech., 24, 16«tT (1988). 

C. Whitman. Ind. Eng. Chem., 2^ M-«8 (1934). 
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divalent ^ or free radicals.^® Explanation of catalytic polymerization by 
the formation of addition compounds with the catalyst, therefore, must 
not be construed as an attempt to explain other processes of olefin 
polymerization. 


Application of Polymerization Products from Olefins 

Branched-chain olefins give viscous, semi-solid products having a 
molecular weight of 800-10,000 by treatment with aluminum chloride at 
temperatures below —10°.^'^ Since isoolefins are more readily polymer- 
ized than straight-chain olefins, treatment of a mixture of olefins with 
aluminum chloride for a limited time (suitably about one minute) results 
in preferential polymerization of the branched constituents.^® 

The high molecular polymerization products obtained by treatment of 
olefins with aluminum chloride may be sulfated to yield detergents.'® 
Polymerization products secured by reaction of lower unsaturated 
hydrocarbons w'ith aluminum chloride are most extensively used as motor 
fuels or lubricants. Literature on this application is given in Table 36. 

Investigations dealing with the polymerization of pure olefins and 
cyclo-olefins are listed: 

Tabic 35 


Olefin 

Ktliylonc 



Ethylene f+CtHtOH) 
Etliylene (+petroleum etlmr) 
rropenn 

Tropene (+nltrob€in 2 eDe) 
Prapene C+naphthn) 

Propane ('fpeirolciiiD etlier) 
^opone (+C|HaOH) 

Butane 

Butene >2 

SutnneB 


Butenea (+petnilsiiiii ethor) 
Butene- 1 (+naphthn) 
Butane-2 (+naphtfaB) 

Butenn (+0thyralooh<il) 
iBobutenn 


laabutoiB (+Baphtb») 
iRobu^a (+nltrQbcinieD 0 ) 
iBobutoiB (+iutrciinntluuie) 


ReferenooB* 

2, 5-B. 13-15, 
17-20, 25a, 26, 29. 
31-33, 33, 44,45 
12 
4 

48 

30 

10 

45 

22, 31. 44 
48 
80 

45 
16 

44 

46 
33 

45 
30 
30 
16 

17, 18, 21, 31, 34, 
30, 42 
30 
43 
43 


Olefin 

Isobutene (+ pentane) 

Pen tone 

Peniene C+petroleuin ether) 
Pentene (+C^HdOH) 

Pentcne-(l) 

Pentene-(2) 

2- M etliyl - butene -( 1 ) 

2- .Methyl -butene- (2) 

3- Methyl -butene- (1 ) 

3- Methyl- butene- (1) ( f bpnwjne) 
2-Mpthyi-butene-(l) (+HCI) 

2- Methyl -butene- (2) (+nBphthB) 
2-MBthyi-butenB-(l) (+niiphthB) 
Heuccuib-CI) (H-aaphLha) 

Qctenc 
Og tones 

Ootene-ll) (+nBphtha) 

Decenes 

HexadecenB 

Cetene 

Cyclohexene 

Pinene 

BUl/m -Diph eny Ictltylene 


Referrnoea* 

41 

],eh, 0-11.21, 
25, 33.36 

45 

16 

24 

24, 35, 36, 40, 42 

21 

21,42 
23 . 24,35 
35 
24 
30 
30 
30 

25, 31 
33 
30 
33 
32 
80 

25, 27a. 32, 33, 
34 VI 

22a, 34a, 6a, 20n 
3 
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Polymerization of Diolefiu with Aluminum Chloride 

The author has shown that when a pure diolcfin is treatesd with pure 
anhydrous aluminum chloride no visible chemical reaction, such as rise in 
temperature, occurs. This is quite the reverse in the case of olefins which 
polymerize rapidly with the evolution of heat in the presence of anhy- 
drous aluminum chloride. Upon prolonged standing, diolefins slowly 
polymerize, and after days or weeks a high molecular weight polymer is 



Fir. 5. Yield of soluble and insoluble poIvnu'iN formed when pentene-2 is varied, 
keeping isoprene consbint at I mole. Variation in hardness of soluble polymer. 
fC. A. Thomas and W. H. Carmoily, J. Am. Chem. Stic., 51, 24ffi (19^)], 


obtained. In this reaction it is exceedingly important that no olefins 
are present to contaminate the diolefin. The author has studied this reac- 
tion mainly with isoprene, which can be obtained readily by the pyrolysis 
of rubber. Even if the isoprene is subsequently jiurified by distillation, 
ond washed with ammoniaenl cu|)rous chloride to remove all acetylene 
compounds, it is still not pure enough. It is necessary to purify the iso- 
Preno further by converting to the tetrabromide and regenerating with 


"n b ' 23 !!??“ ““Sl H. Oarmody, J. Am. Chrm. Sor , S4, HBO-HM (UU). 
“ O- 8. Whttbjr Mif B. N. CroiierVCwi. /. Bt.rensA, t, »•-*» («**). 
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sine dust according to the method of Whitby and Crosier.^ It is also 
necessary to wash the anhydrous aluminum chloride with some inert 
solvent BO as to remove completely the hydrogen chloride adsorbed on 
the surface of the aluminum chloride. It has been shown that even a 
trace of hydrogen chloride will start the reaction, and if it is allowed to 
proceed without cooling, the boiling point of the diolefin will soon be 
reached. By polymerising isoprene with anhydrous aluminum chloride 
two polymers are generally obtained, one soluble in most non-polar 
organic solvents, the other insoluble in all solvents tried. Besides initi- 
ating the polymerisation of isoprene, hydrogen chloride greatly influenres 
the yield of soluble and insoluble polymcrs.^^ 

The soluble polymer is for the most part (CnHg),, but the insol- 
uble polymer may be of a different structure and certainly is the higher 
in molecular weight. Isoprene hydrochloride, formed by passing hydro- 
gen chloride into isoprene, reacts with aluminum chloride to form a com- 
plex which is soluble in isoprene. This suggests that the soluble polyinei 
is produced in relation to the isoprene hydrochloride present, and that 
when enough is present to dissolve the aluminum chloride completely, 
only soluble polymer is produced. This point was further substantial cd 
when it was found that only the soluble polymers were formed when 
isoprene hydrochloride was added to the reaction mixture of isoprene and 
aluminum chloride. 

Other mutual solvents for isoprene and aluminum chloride increase 
the yield of soluble and decrease the yield of insoluble polymers. Wlu n 
6 g of aluminum chloride is dissolved in 45 g of nitrobenzene and this 
solution added to isoprene, only a soluble polymer is obtained. If a 
diluent, such as petroleum naphtha, is used with the isoprene, the alu- 
minum chloride is partly thrown out of solution, and some insoluble poly- 
mer is obtained. Ethyl acetate fonns with aluminum chloride an iso- 
prene-Boluble complex; and by running a series of identical polymeriza- 
tions, with the exception of increasing by small amounts tbe ethyl acetate 
added to the reaction mixture, it has been found that there is an exact 
relation between the yield of soluble polymer and the amount of ethyl 
acetate added. This relationship is much the same as when pentcne-2 i*! 
added to isoprene. 

If we assume that the soluble and insoluble polymers differ in molec- 
ular weight only, it is evident that the more aluminum chloride put into 
solution, the lower the molecular weight of the polymer obtained. When 
no mutual solvent for the isoprene and al uminum chloride is present, 
polymerisation is initiated on the surface of the catalyst. With solid 
aluminum chloride the surface is exceedingly small when compared to the 
same mass of aluminum chloride in solution as a complex. Thus, with a 
solid piece of aliiminum chloride in isoprene, not many polymer growths 
arc started, and after prolonged contact the polymers have an opportunity 

A ThofriM Bud W. Cutnodv, /. Awi. Chem. Am;., M54-<M06 (1BB9). 
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to grow to large size and become insoluble. When a catalyst is in solu- 
tion so that molecular contact is effected, many polymer growths are 
started, and these arc so numerous that with the available isoprene they 
do not grow to high molecular weights. Soluble polymer is thus produced. 
This theory of short chain formation has been independently advanced by 
Houts and Adkins in their work on styrene. Fu^her substantiating the 
foregoing evidence, it is interesting to note that when anhydrous alumi- 
num chloride is very finely ground and placed with isoprene considerably 
less insoluble polymer is formed than when coarse aluminum chloride is 
used. Here again with the finely divided catalyst the greater amount 
of surface which is exposed initiates more polymer growth. 

Thus, it can be seen that solvents play an important part in the 
polymerization with anhydrous aluminum chloride. If the aluminum 
chloride reacts with the solvent, an entirely different catalytic effect will 
be obtained. Listed below arc some of the diluents tried in this laboratory 
for anhydrous aluminum chloride: 


Carbon disulfide 

Toluene 

Carbon tetrachloride 

Xylene 

Chloroform 

Halowax 

Ethylene chloride 

Petroleum ether 

Ethylene bromide 

LiRruin 

Brnsene, C. P. 

Methyl alcohol 

Benzene, Tech. 

Diethylenc glycol 

Gasoline 

“Cellosolve” acetate 

Vamolinc 

Butyl “Cellosolvc’^ 

Benzonitrilc 

“Carbitol” 

Phenylcyclohcxane 

Dichlorocthyl ether 

Nitrom ethane 

Butyl »Carbitor’ 

Ether 

Methyl “Cellosolve” 

Alcohol 

Acetone 

Nitrobenzene 

"Cellosolve” 

Amylbenzene 

Ethyl arctatc 


Carmody has shown that isoprene will polymerize totally to a solu- 
ble polymer if its vapors come into contact with aluminum chloride. 

The polymerization of a diolcfin, such as isoprene, with anhydrous 
aluminum chloride, lends itself to many speculations, particularly to the 
fact that there Bccms to be an evolution of hydrogen chloride gas from 
the isoprene during polymerization. This could be explained on the fol- 
lowing basis 

Two moles of isoprene treated with aluminum chloride may join as 
follows: 

® R. C. Houti and H. Adkins, /. Ain. C/wm. Sue., SS, IBOB-1617 (1988). 

See p. 24 for solubility data of Bluminum chloride in these and other solvents. 

** W. H. Cuiuody nnd M. O. Cnnnody, /. Aw. Chem, Soc., S9, 2078-8074 (1037). 

•W. H. Ovmody, lovnetigation made at Thomae and Hoohwalt lAboratonee. 
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CH. 

T || I t 

Ha(>BC--Cll»Cib 

(A) 

• ■ 4 a 

o=cna 

I I 

H CIb 


CHi 

l> 

c 

liVf^ ICH 

► nr ■+ +* CH (B) 

II I 

lie 5 ■♦■CH 
C 

I 

Clla 


Carbon atom& 2, 3, 6, and 7 each loae one 
hydrogen atom in tho presence of alu- 
minum chlmnde which escapes us bubblers 
of hydrogen chloride. 


This octahedron is no longer (CsHh)^ but now becomes and this 

is the unit 'which undergoes polymerization under the furtlicr influence oi 
aluminum chloride according to the schcnic shown below. 


(C) 


Clla H 

I / 

, lie- rii 

C/ \5 

■’“Cv 


CJAI 


A in 


(N ■ 4 /) 
^Hc; -cii ^ 
^U| 

Clla 


lender the influence of further aluminum 
rhlnnde, the tetraene ^ea^ranjK^‘^ with Ihi 
forniiition of an alumuiuin roniplcx C.u- 
hon atoms 2, 3, 6, and 7 lose hydmi^in 
by migration to carbon atoniA 1, 4, Ti, 
and 8. 


The aluminum cliloride loses chlorine as hydrogen chloride simultane- 
ously with the formation of tB). The aluminum chloride residue irniiicdi- 
ately combines to form complex (C) which is the active unit of polymer- 
ization. 


(D) 


CH, 


lic—rila 

< > 

c’ 


.4 y' 

C-— CH 


The aluminum complex undergoes fuj^ 
Iher degradation at carbon atoms 2, 3, 6, 
and 7 and the diene (D) is in an activt* 
state to combine with other (D) units 


The evidence for this theory is interesting. Thus, the insoluble polymer 
obtained by polymerization of isoprene free from any impurities may have 
the formula (CfiHn),; this polymer should be a cyclooctadieiic polymer 
linked together by a scries of cyelobutadieno rings. It has been jiointed 
out that any olefin, such as amylcne, added to isoprcnc during polymer- 
ization with anhydrous aluminum chloride will reduce the amount of 
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insoluble' polymer formed. The optimum ratio of amylene added is 2:1, 
and at thin ratio tljcre is enough olcQn present to absorb all the hydrogen 
chloride [)roduced by the iM)i)rene in rontact with tlie alununuiu chloride. 

According to Piekles,^" tlie polymerization of isoprenc into rubber 
must be accompanied by a rearrungement of the double bonds. 

A cyclic pol3rmer has been advanced by Harries 

/H.C C . CIl, . t’llt . CH \ 

\ nl’— (’H, . CH. . i: . CII J. 

In a Hcrie.'^ of investigationh flcaling with borlium rubber, Midgley and 
Henne found no trace of cotnpoundH of a cyclic nature. Their rewults, 
together witli studies dealing with products of the destructive distillation 
of sodium rubber, indicated the following carbon arrangement for sodium 
rubber: 


C C V C 

-c (*'-r c c c-(‘'-c ('-([’-c (' V r-l'-c c- 

Bromine titration indicated om‘ double bond for each CrJIs unit. 

Co-polymerization of Diolefins with Olefins in the Presence of Aluminum 

Chloride 

It has been shown that diolcfins and olefins react in the presence of 
anhydrous aluminum chloride to form two polymers, one soluble and the 
other insoluble in hydrocarbon solvents. Oencrally the amount of soluble 
polymer formed is a function of the olefins jirescnt; the more olefins in 
the mixture, the more solulde polymer formed. The hardness and molec- 
ular weight of the resulting polymer is inversely proportional to the 
amount of olefins present and the amount of insoluble polymer is an 
inverse function of the olefin present. 

Later it was shown that the function of tlie olefin is merely to solu- 
bilize the aluminum chloride, and that other eoiiijiGunds, such as a solvent 
or hydrogen chloride, act in the same capacity. The resins formed by 
polymerization of olefins and diolefins arc hemi-eolloids having a molec- 
ular weight from 300 to 2000 depending upon the amount of olefins, the 
type of olefins, and the amount of diolefins and the type of diolefin 
employed. They range from viscous oils to hard, brittle, pliable resins, 
with a melting point as high as 150°. 

From the foregoing discussion it should be pointed out that not only 
tlo straight-chain olefins and diolefins co-polymerizc with anhydrous alu- 
minum chloride, but that the reaction is applicable to other combinations. 
There may be used cyclic olefins with straight-chain diolefins, cyclic 

Chtmi. Soc., 1085-1090 (1010). 

Wd CT.r«. Sor.. SI, US4-1MS (IKM), 52, 2an-20TB (IttO)i 

^1 jWi-MO (1988). 

•C. A, Tlidnuui and W. H. CInrmody, /. Am. Chrm. Soe., 55, 8854-3558 (1985). 
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diolefiiiB with strai^t-ohain olefins, or oyelic diolefins with cyolio olefins. 
T%e following table gives a partial list of some of the compounds studied 
in this laboratory: 

Table 38 


Yield of reriiu 


Bubvt«i«e 


OtalvHt 

s/lOb N of active 

Iodine 


uid FrsctMHi 

(oc) 

(g/lDO re) 

Diaterial taken 

No 

Bmarki 

Cyaloh««ne 

60 

25 

200 

...I 

Bxtremdy hard, ilBuy, hiith 

Imiprcma 

50 




mp , no tnokinew even when 
•oftened. Brownuh ainbr i 

HfiptBiid 

150 









DOlOT. 

1 - Methyleyrlohnonp 

50 

25 

815 


Darii red Mift ream noM*tn 

Inopranp 

50 




blins tar, llowe in colrl 

ll««ptaiie 

ISO 




M nthylevHuh exme 

27 

01 

482 

144 0 

Soft ream- dark brown rnlnr 

iRoprene 

26 



147 0 


Imprenc 

01 

55 

47 1 inix 

132 0 

Very hard dear, bn 1 tin puh 

C>elohmme 

01 



1200 

amber color with biowniMh 
tin^e 

CyBlohtxme 

40 

44 

17 2 inix 

70 8 

Hard, clrar, britlle, ilnik 
brawn nnibrr 

iMjirene 

40 


40 4 rvrlnhexene 

71 8 

150 


and tfoprune 



Cyidoheieiie 

40 

44 

22 2 mix 


Hard, clear, bnttlr, \pr\ 

iHOprane 

ToliMne 

40 


04 0 oydohexene 
end lenprime 

B77 

■liffhtly tiiDk\, brdliatil 

150 



amber vdlnn 

CydohpxAdiMie 

25 

20 

270 

120 3 

Verv hard, bnttlr, pnli 





1212 

amlicr jdlow 

Cydohaadjane 

21 

20 

10 5 mix 

115 0 

Very hard, dear, bnttli* piilr 

CvdohoMne 

16 


41.2 hexadume 

114 0 

amber ydlow. 

Cyclohexadiena 

28 

20 

IS 1 mix 

147 8 

Very hard, dew, bnttli* pnli 

Pen time- 1 

20 


32 2 hirxadimip 

142 2 

amber ydlow 

Cvdohexadime 

22 

20 

18 4 mix 

Ilia 

Very bard, clear, bill lie piili 

Tnliime 

27 


40 0 Kexadirae 

110 0 

ombpr ydinw 


Co-poljmerization of Diolefins with Aromatic Compounds in the Presence 
of Anhydrous Aluminum Chloride 

It has been found that diolefins react with substituted aromatic hydro- 
carbons — ^a reaction wheih is similar to that of a combination of olcfiiih 
with aromatic hydrocarbons.* As it is impossible to remove the catalytic 
complex, the intermediate products from the condensation of diolefm*' 
with aromatics continue to polymerise to resin. Here again two polymers 
are formed, a soluble and an insoluble one. When studying pure com- 
pounds in this type of reaction it has been found that the more substituted 
the aromatic nucleus, the greater is the tendency for the reaction to tak(‘ 
place. In fact, no appreciable amount of resin is formed from a diolcfiii 
and pure benzene. Some general observations are of interest in the 
of isoprene with various substituted aromatics. 

Xylene is the simplest di-substituted bensene containing two methyl 
groups. When the three xylenes are respectively polymerised with a 
diolefln, such as isoprene, the para-xylene yields the smallest proportion 
of resin. It has the highest melting point and is lighter in color than that 
obtained from cither ortho^ or meto-xylenesi which produce higher yicld-j 
of resin of a darker color. When the methyl groups in xylene are rcplaciMl 

* See Chapter 8. 
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by higher molecular weight alkyl groups, the yield of resin is greater 
and the color is lighter. The more branched the chain in the alkyl sub- 
stituent, the more noticeable is this effect. This reaction takes place 
with cyclic dioleiins as well as straight-chain diolefins. In the case of the 
cyclic compounds it is much more vigorous and the resulting resin is 
harder and of a better character. 

Synthetic Resins from Cracked Petroleum Distillate 

Petroleum cracked under severe conditions presents a convenient and 
logical raw material for the production of synthetic hydrocarbon resins 
by polymerization with anhydrous aluminum chloride. A medium of 
highly cracked distillate offers the opportunity for the polymerization of 
olciins, the combination of olefins with aromatics to form substituted 
aromatics, the polymerization and condensation of diolefins and olefins 
to form resin, and the combination of diolefins with substituted aromatics 
and subsequent polymerization of this intermediate product to resin. 

In the manufacture of resins from cracked petroleum distillates rigid 
sj)ecifi cations are maintained upon the cracking operations and upon its 
products. Boiling range, specific gravities, refractive index, and average 
molecular weight are some of the determinations made upon each sample 
of the distillate produced. The composition, that is, the content of aro- 
matic, mono-olefin, and diolcfin hydrocarbons, is determined by the usual 
method. If a particular distillate fails to meet the required specifications 
it can be blended with other distillates, or its deficiencies can be corrected 
by the addition of various substances; for example, if the content of 
mono-olefin is low, a definite amount of amylene or other mono-olefin can 
be added. During the polymerization of such a distillate with anhydrous 
aluminum chloride, all four reactions probably take place simultaneously, 
as outlined above. 

For the production of a hydrocarbon resin known to the trade as 
‘'Santo-Rcsin,” polymerization is carried out in vessels equipped for 
adequate cooling, since the reaction is highly exothermic; and the anliy- 
clrous aluminum chloride is added in a finely divided state in a small, 
continuous, controlled stream. The distillate darkens as polymerization 
continues and has a dark reddish brown color at the end of the reaction. 
The specific gravity of the distillate increases as polymerization con- 
tinues; thus by determining the specific gravity of the reaction product, 
the degree of polymerization can be ascertained. When the reaction is 
completed, no further rise in specific gravity occurs even upon further 
addition of catalyst. The reaction mixture is then treated with a suitable 
alkali to break down the aluminum chloride complex while the hydro- 
carbons still remains in solution. Since in the manufacture of resinoids 
highly viscous liquids are formed, in some cases it has been found that 
the aluminum chloride complex can be broken down more readily by 
adding a solution of ammonium hydroxide in ethyl or propyl alcohoL 
The alcohol serves to bring the alkali into intimate contact with the non- 
polar solvent and resinoids in solution. On the addition of alkalii alu- 
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Oiinuiu hydroxide and alkali chloride are precipitated, together with a 
small amount of tlie insoluble polymer. 

The relative yield of soluble and insoluble polymer may be governed 
by tlie raw material used. The inorganic material is separated from the 
resin in solution by filtration. By repeatedly treating the solid residue 
with dilute acid and subsequently washing out the inorganic salt, there 
is left a white granular insoluble polymer. The soluble polymer left in 
the filtrate is recovered by removing the solvent by distillation at as low 
a temperature as possible. Vacuum distillation is usually employed. 
The last traces of high-boiling oils are removed by passing superheated 
steam directly into tlie hut molten resin. Up to certain limits the hard- 
ness of the resin is controlled by means of this addition of superheated 
steam. The melting point of the rc‘<in produced by this process can be 
varied according to the use to which the product is subjected; it usually 
ranges from around 100 to 150'. 

Resins of this nature, which arc hcmieulluids, usually find a commer- 
cial outlet in varnishes.^" lb has been found that the drying rale of 
Chinawood oil varnishes is largely dependent on the ty])e of resin u^ed 
and on its preparation.^* Boiled varnishes made with neutral resins dry 
faster than those made from arid resins; and since hydrocarbon rci^lns 
are generally neutral, they give very fast-drying varnishes. Because of 
their hydrocarbon nature these resins are highly resistant to alkali, 
water, and acid. Some resins produced by polyiucrization of hydro- 
carbons undergo gelation when heated with Chinawood oil, and it is not 
definitely known whether or not this is a truly chemical reaction between 
resin and oil. However, Uic resulting varnish seems to be mure durable 
when gelation occurs in the varnish manufacture. This is readily explain- 
able on the basis that a resin of low molecular weight, around 1000 (u 
1500, will not in itself form a durable film; but such a liemicolloid, when 
cooked with a drying oil, such as Chinawood oil or linseed oil, seems to 
form a composite which is quite durable. 

Resins of higher iodine value ran be obtained by controlling the 
polymerization, but usually the resulting polymer is slightly lower in 
molecular wei^it. This resinoid of high iodine value resembles a diying 
oil. 

Polymerization of Aromatic or Heterocyclic Unuturated Compounds 

with Aluminum Chloride 

In the polymerization of styrene, the use of aluminum chloride causes 
the formation of lower polymerization products having a molecular weight 
of 3O,OO0 or less. These arc brittle and have a low softening point 

•V. B. P. (IMS) to C. A. TlioaiM (to Itaytnn Svntliotii: Cbnmtitb. Inr.). C. A., % 

4t44; U. B. P. Z,(m,3S4 (1«U) to C. A. Tliomu ami ('. A. Huchwalt (to Mnimmito Palrulnim Clinn 
leali, Ino.), C. A., 10, OH] V. S. P. 2.0UAM (ISN) to C. A. Thomiia (to Mmuaiito Petroli-ui» 
ChemioRli, Inc.). 

A. ThoDiAs and P. E. Mafling. Ind. Stiif, 34, B71-B73 (1B82). 

ttAmiDp Bruuh Pla$tus4, h 4n-478 (1888). 
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According to Ralston,**® flexibility may be imparted by first reacting sty- 
rene with a high molecular weight aliphatic acid chloride: 


: CH» + (.'itHhOOCI CitITmC : CH. + HCl 


Polymerization of the aeylated product by heat or catalysts yields flex- 
ible resins. Acylation of other resin-forming compounds, for example, 
couinaronc, indene, dicyclopentadicnc, or phenol may be similarly 
effected.®^ It has been shown in this laboratory that such low molecular 
weight resins produce flexible but slightly tacky films. 

Aluminum chloride catalyzes the polymerization of indene. The prod- 
ucts are similar to those formed by the action of concentrated sulfuric 
acid, but reaction is slower.'*’* The use of aluminum chloride as a polym- 
erizing agent for unsaturated hydrocarbons derived from coal tar is fre- 
quently reported.* 

A summary of literature dealing with the production of resins by 
aluminum chloride polymerization of unsaturateil hydrocarbons is given 
in Table 39, page 812. 

Preparation of Drying Oils 

Under certain conditions the treatment of a mixture of olefins and 
diolefins with aluminum chloride results in production of drying oils. 
Mikeska and Gleason "** eontaet a mixture of cracked hydrocarbons boil- 
ing below about 205° and cuiitaining olefins and diolcfins with aluminum 
chloride at about 38°, and obtain a benzene- and acetone-soluble liquid, 
boiling at 205 '^/2 mm, which has drying properties. 

In another process, a liquid product obtained from a vapor-phase 
Tracking process and having a considerable proportion of diolefins is 
treated at*tempcraturos of not over 70° wdth I per cent or less by weight 
of aluminum chloride.®^ The drying oil may be isolated by separating 
the polymerized oil from the sludge formed in reaction, neutralizing it and 
subjecting it to a non-eracking distillation to form a residue in which the 
drying components are concentrated.®® 

A drying oil has been produced by treating with aluminum chloride 
a cracked gasoline fraction (b.p. 27-84°) of the following composition: 


buicDcs and butadiene 
hrxonea and benzene 
penlenrB and isoprenc 


15.0 per cent 
14.5 per cent 

52.0 per cent 


{Text rvnt*d. on p. ZU) 

... fhl and Soap, IZ, 216-21(1 (III3P). _ 

A- W. RalHton, n. J. Vonihr Wul, B. T. Bauer, anrt R. W. Ind. Eng Chtrn,, 

B9-101 (IMO). 

"■H, Btobb« anti K Fnrbpr, Bn-., 57, 1838-1851 CM124), f. 19, 4B2. 

*8ee page 813, 

■■u. s. P. 2.092,888 to L. A. Mikeska and A. H. Glm^on (to Standard OU Dwlopment Co.). 

P. 791,739 (1935) to N. V. de Bataaffwhe Petmlmim Maataohappy, C. A., 4H4. 

"C^diui F. 800,530 (1930) to H. I. Waterman (to Shrll Development Co.), C. A.. 30. 7880. 
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THiblo 39.— Polymeriiatioii of Olefinio at Diolefimc HyditK»iboiiBi with or without 
Addition of Arcnnatio Hydrocarbons for Formation of Resmous Products 

HydroQBflKHi Ref. 

GaMoiu Ololliie C+blowiiig the polymer with eir) 46 

Alkne 68 

Butediene (dow Mlymeriution) 23 

Butodioie-Wa polymor (herdaied by treatment with A1CI«) 65 

l,4»C^eloheiadiene 33 

QsralopeniadieiM (only litUe polymeriiatinn) 14 

DMeBM 4 

34>lHmethylbutadiene 22 

leopraoe 22 

laopiene (In beniene) 8 

laoprene (in pentme-l) 18. ID 

leoprena 6 

Btin reaidoee from preparation of evnthetio rublMn* RO 

Pine ofl (to yield a dipolymer) 26 

Dipenteno (to yield a dipolymer) 2'i 

Terpenea (or a miature of tcrpencii) 30 

Turpentine 20 

Tbtpaitine oil 18 

Wo^ tar 13 

Olefla+diolefln (e.p.. am3rlme4 ieoprenr) S'! 

OlBfin+duMn (onu^ed ilutillate, b. 80-40”) 37 

Oltfn4-dk4efin (moldins) 44 k 

CHefin+dioleftn (eraokea dietillate, b. 30-40*4 bydrogf<natir>n) 44 

Butadnne4‘hflMie 67 

Olefin'4dide6ii 75 

Iaopnaie4'ani3denei or pinme, or camphene 1 

Butadiened-oleana 22 

DidlflAn4-olflfin 51 

Conjinted diol^n+alafin 06 

Duilenii4-alBlln (w.g.. butadiene or nmpmie+bobutene, prnpme or ntirkiHl paraffin) 74 

DioleAn4-aahatituted bmaene (e.e., leopmia+alkyl bceiienp) 31 

Diolefin+alkyl benaene (e.0., butadienr or iaoprene+ toluene) 7D 

Cmijiisaied diolefln4all^l benaene (eg., butadiene4 toluene) 65 

IKaleAn+cyelie hydroearbona (e.g., buiadiene'l-teirahvdronaphlhBlene, bcnamet Tn*x>lpnn. 

chloiobenaene, or nitrobeiiMne) 55 

Mixture of terpene with alkyl benione 30 

Cracked dietillate Bontatnuig 45-00% of uneaturated hvilrncaibone 6, D 17 

Cracked petroleum distillate (b.p. below 180” ronlaininc oleOne, [liolerinii, and alk>] 37 17 55 

benienm) 68, 78 

Cydio hydrocarbon having at loaet one double bond, nn unaaturated hydrorarlmn of ii 
dilierant danree of unaaturation, and an alkyl beoxena (e.g.f Dycluhimene, lanpreiir, 
and tduene) 32 

Straight -chain oleflna and dideAna (cracked dintillato b. 26-60”) 4polvmm of ryrlir dinle- 

flna, cydic define, straight- chain olefine, and dkyl benaraea (dietillate b 126-180”) 83 

Cracked dntiUato, b. 80-100” (neutnliaation of oaialyei with NHh in EtOH4rVilfii) 37 

Cmiiked diatUlate, b. 80-100”+eubeei]uent reaction with polyhyrlrio alroJiole 35 

Cranked diatillate, b. S0-100*+aubaequent reartiim with drying oil 41.58 

Cracked dietillate, b. IO-IOO”-^reHenoe of a matn-ial which la inert and hvSToecoiiic and 

capable of Nmoving H(3 45 

Cradced dietillate, b. 80- 100* 4* sulfuric add and day for deroInriKation 47 

Cradted diatillate, b. bdow 200” (catalyst neutraliied with caiistic alkali) 45lt 

Ondrad diatillate, b. bdow 200” (eati ilyat neutralised with a auapmaion of nn alknline- 


Ondrad diatillate, b. bdow 200” (eatalyat neutralised with a auapmaion of nn alkaline- 
earth hydroKlde in a mixture of water with water eoluble alcohola or ketimee) 
Craeked diatillate, b. IM-IM” 


Light oil, b. 48-248” (staining olofina, dioleflna, 
Ora«lKriw*’B’%tiUktti\ H* (Sll% b. at lit*) ( 


and eubatltuted aromatic hydroearbona) 


Cranked gaa oB diatiUate, b. 25” (80% b. at 110”) (gave 20-40% yidd rmin) 

Liquid hydroearbona obtained by omeking prrxlucte from hyiirogsnation of carbunareous 
material 

(6aadiitie b. up to 210” (with OA-AICIa complex ae catalyet) 

Craeked dIatiUate obtained from a charging atook conaigting of petroleiun hydrocarbons 
4^an aromatic hydrocarbon 

Liquid SCa nttraet of naphtha containing uneatiiratee and aromatics 

Liquid bydroearbona prodnead in the pyrdyaia of normally gaoeoua hydroearbona 

Orndud dietillate. b. I0-220*4'aeelylane 

emulated double b^ (CMefin+oleflnie hydrcicarbona4-anmiatio hydroearbona: aubse- 
quent oxidation of peaymer) 

OloAni, dkdefliur, and ao^enee, e.g., omrked petroleum gasM4 hydrofnrmed naphthoa 
fttyy enft 4' iaobutfne4‘pr M4rttn dietQlate 

Naphthalene-unaatiirateri hydrnoarbon-tar mixture -fraction b. 180-200”/! -10 mm (naphtha- 
lene b reoovered) 

Petroleun reelduee 

Petroleiiro tar 

Petrobum asphalt 

Petrdeum tar distillate 

Pstfoleiim tar distillate 

Omsked tor and petroleum pitch 

Hisb Ming petroleum reokUMB (b. 148-140*) 

Dobydrogenated solid or semi -solid paraffin hydroearbona 


51)1 

81 

50 

60 

56,31). 1 

86 42t 
34 
70 
77 
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Hydrocarbon 

C^rack^ oU tar 

Cblorinated diatHlata from crackimc oil tar 

Low mdtiu coal tar clistillateB 

Coal tat diatillato 

Tara or aaphalts 

Indone (to di-indane) 

Ooumarona 
Coumarone oil 

Bolvent naplitha^ eontoinina oouniaruno and inrlenr 
Coumarona and indone of crude aromatic hydrocarbon fraction 
Puri6ed coal tar naphtha 
Purdiad naphUia diatiUate of coal tar 

tar oil oontnining coiiniarooif-indonp (in preaenoo of diasolvod unvulcaniaed rubber) 
Tetrahydronaphtholene (polyrncrixation to oda containing anthracene or phenanthrenc 
dn-ivativoa) 

Beiiiil (to compounda having 5-20.5 molea) 


Ref. 

42 


88 

76 

54 

68 

16 

7 

15 

84^ 


28 


8 


28 

62 


20 

2 
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Upon treatment of the fraction with 1J>~2 per cent of aluminum chloride 
at 10-20° for three to four hourc a higli molecular oil was obtained in 
50 per cent yield. To this oil 35-40 per cent of a solvent is preferably 
added to secure sufficient fluidity.*' 

Drying oils from ganoline have also been prepared by treating gaso- 
line with aluminum chloride and hydrogen chloride at 100-120° for four 
houra." 


Xiacdlaneoiu Altuninum Chloride-catalyzed Condensations Leading 
High Molecular Weight Prodnets 

The tendency of mono-nlefinn to undergo polymerization is greatly 
increased by the introduction of an electronegative group at one of tin' 


PfAolovgkh, A. Atml^mn, mnd V. Buinitfkmym, Aserboidshanskoc Neftyanoa 
M|| Cw iCmp WBWi 

-UiMiM P. MptN (l«4) to B. li. VanlMvAU ond I. K. Bhenankd; C. A., », <**■. 



POLYMERIZATION 


m 

cnrboD atoms of the cthylenic group.^* The so-called vinyl compounds of 
the type CHaiCHR, in which R is h negative group, for example, vinyl 
halides, vinyl ethers, and vinyl esters, arc writing an ever-growing chap- 
ter in the field of i)laHties and resins. Aluminum chloride is little used for 
effecting polymerization of unsaturated vinyl compounds alone. When 
an olefin containing an electronegative group, such as ehlnride, is treated 
with aluminum chloride, not only polymerization hut also condensation 
with the solvent takes place; the resulting polsrmer is very complex and 
usually of low molecular weight.'*® 

The polymerization of di- or polyhalogenated aliphatic hydrocarhons 
by means of aluminum chloride leacls to formation of resins, or to prod- 
ucts which find use as dielectrics. When reaction is effected in the 
])resenee of aromatic hydrocarhons or their halogenated derivatives, prod- 
ucts arc obtained which api>ear to be polymers of arylatcd olefins.* Aryl- 
alkyl halides react as do olefinic dihalides with aromatic hydrocarbons. 

Fricdel and Crafts'*® noted that benzyl chloride was converted upon 
treatment with aluminum chloride into a polymeric product which was 
extremely insoluble; and Jacobson** rcport.s the formation of insoluble 
hydrocarbon, (('tHo) r and a small amount of a soluble resin having the 
.same empirical formula. The molecular weights of the soluble resin 
A'aricd from 1260 to 2250. The resin is obviously produced by a linear 
Kriedel-Crafts autocondensation : 


C,H.CH.C1 


C.H,CH.C8n<ClIiCI CJl6C?H,(C.H<CH,)-r.H,CH,Cl 


Condensation of ethylene dihalides with aromatic hydrocarbons may 
proceed, in the presence of aluminum chloride, to give a class of elastic 
plastic materials known as AFX. Aromatic hydrocarbons with only one 
carbon atom in the side chain, such as toluene or xylene, do not undergo 
the reaction. The polymer ha'' been assumed to be composed of 
n 2 C.C(in 4 .CH 2 or (HaC) 2 .Cr.H 2 .(CH 2 l 2 units, .-jym-diphenylethane hav- 
ing been isolated as a product from the earliest stages of the reaction.*® 
The production of plastic materials by reaction of mono- or polyhalo- 
genated aliphatic or arydalkyl hyilrocarboiis with benzene or substituted 
benzenes is the subject of many patents.* 

The following table has been compiled in order to show the wide 
miscellany of polymerizing condensations to which aluminum chloride has 
been applied. In reactions involving condensations with cleavage of 
water, aluminum chloride acts as a dehydrating agent, and is generally 
suggested only as an optional catalyst. 


*' Sue G. M. Klw( and N. L. Drakg, /. Jtet. Nat. Bureau fi<anrfarrf«, IJ, 7(U-7I! (1*84'>. far ■ dta- 
uf polsrmeriutioii merhanimii bniinl upon tin* tliwiriw of fiw 
Cf. H. 1. Wutemati, J. J. Let'nriprtne, and P. J Q r'lilthoff, Chrm. H erfrWod, 32| 5S0-558 (IB95). 

* Hoe Table 40. 

“C. Riedel md J. M. Craft*. BuU. ear rhm (t). 41, U (1885). 

A' J- dm. Chrm. Rot.. 54, 1518-1818 (W8I). ^ 

“S. D. Shmklr, A. B. Brnok*. nnil G. U. Cndy, Ind. Sng. Chrm , O, 875-880 (1880). 
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Table 40. Miaoellaneous Condeneatioiia and Potymeiiiationfl 
Leading to Hi^ Molecular Weight Produeta 


EaMtuti 

Produrt 

Heferences 

HiUogmattd 

■8 

I 

1 


TriohloroetliybDe 

resin 


Hdogfliiiited olefla* 

oils and reains 


Polymcfind vinyl ohloridei 

higher polymers 

100 

Vinyl ohloridn-f-toluMDa «■ tcdvBnt 

resin (50%) 

0. M 

HnlQgMntad oleAni, trlohloitMthyleiM, di- or 

tetrahnlogonnted otbylene, or faftlogaiat^ pro- 
pylene or birtyleoe 

product useful for didertrios 

02 

Bthylflns ddoride+sylsnn 

lubricants and rosins 

95 

Bthylene dihalido tnd nronmtio oompoondii or 
halogenAiod nroointie 

iPHins 

2, 12. 57. 70, 
75. Rl, 89 
80a, N7 

Vinylkkiie ebiciride+nroiiintie hydrooarbon or 
hnlogen-Mibatitufod nranmiio hydrocarbon 


37 

S-mathyl-S-chloropropane+baurae 

nains 

91 

Naphthalene, xylene, or phenola with naphtha- 
lene* or aoetylene tetraohlonde 

rssin 

17 

Hydroflnrbon oontaining haloeraated eliphatio 
earbon atoms (triehloroethylnie, ethylene di- 
ohloride, mefthylene ehloride. propylene diehlo- 
ride, or benayl ehlonde) and a nuelparly halo- 
geoated aromatio hydrocarbon 

plastus masses 

38 

Naphtha fraotlon, b. 115*M0”F.+ ethylene diohlo- 
ride 

rsBin 

11 79 

(Mefins or olefinie eraokfaig gaiwB+haln-Rubeti- 
tilted dideftM (e.g., ohloroprene) 

sddittviw to lubriennis 

72 

Olefinio halidm+bensene or alkylati»d or elilori- 
natod bensene 

viiM*oiis ml or resin 

38ii. 3<0) 

Propylene ehloride or ethylene chloride 1 bmscne 

lesiii 

33 

An ethylene dihalide+beniene or benseno homo- 
log exeept methyl bensenes 

resin 

50 

Bthylene diohloride and a partially halogeiiated 
bmicne 

priidurts for deetiieal insulation 

27 

Sludge resulting from refining a hydrocarbon ml 
with aluDnnum ohloride+oblonne or a ohlori- 
nated aliphaiie hydrocarbon 


20 

Pstrolaiiim f eblorinated velaUle hydrocarbon 

ramn 

30 

Partially chlorinated mineral hydrocerbun <ul 

lubr leant 

22, 32, 3S( 
47 , 52, 102 

Chlarmated paraflUiie or oleflnic hydrucarhom 

polymer, md, wt. 1200 

80n 

Bcnsy] ehloride 

resin, mol. wi. 1200-2250 

5 

Benxyl ohlorlde 

ream 

a, 13 

p«BramolMiisyl ehloride 

resin, niiil, wt. 1300-1500 

5 

Halogen addn. praduota of naphthalene or hydro- 
genatod naphthalene 

resina 

00 

Aralkyl halide+pnrtlally hydrogenated aromatie 
hy droearboA 

ream 

53, 101 

Arallnrl halide or halogenaied hydrogenated naph- 
timleiie+aroinatio hydroxycarboxylic aeid (e.g., 
dnnetfayllMnsyi ehloride and ealieylic aeld) 


55 

Bensyl ebloride^^niblMr 

bensylidene rubbers 

0. 7, 103 

Arylated Olefini^olilorine 

rmms 

107 

Goumaroiie-bukme tar fraction or loar meltuig 
eounwrone reain-f* halides of higher aliphatte 
Brids 

additives to lubricants 

Oil 

Aeefgleno 

AIrCU, a nonvolatile, blani eub- 
limato 
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Rettotsnta 

Product 

Referrfieee 

Ao«ty1ene+tRr-ojl bydromrtioiia b. above 140” nr 
nii«ityleae or pseudoouiiieiia 

viscous oils 

16.49,44 

Arotylelkfi+aDid+bydrocarboiiB or halogenaied 
hydrooorbana 


91 

Acetylene + mineral oils oontaining ammaiics 

oils or resins 

84, 68,80 

Acetylene ‘fnliphatio or oirdic hydriMiarbrinfl 

resins 

42, 81a 

Ai^tylBne+misture of olefliu 

hixh mcileoulnr weight hydro- 
carbons 

40 

Acetylene + mineral oili 

oils and brown resins 

78 

Api*tylenio polymor+oromatic hyrlrocnrhnn 

edilitive to lubrieants and gronHCS 

04 

VtQclahle Oifii anil 

Natural ffpin'n* 


Divinir nile, ermi-rlryinit nile nr fat unilH 

pulvuimsixl produrLs 

07 

Fuity oil* 

lubrirant^ or additivi'S in lubri- 
rsnts 

77 

('*a8tnr nil 4 llCl ( 1 uxyffpiiation after Irentiriimt 
with AlClfl) 

luhiiciiting nil, snliibln in water 

10,45 

01i\r oil 

lubnrniits 

11 

nii<)ht>w nut shell nil 

rcsiiim 

71 

Roy-lwin oil+IlCl or moisture 

pulymerized priuluct 

4 

Cliinawootl oil 

mnl liable product 

15 

Vi^eliilile oil; r.i;., lung oil 

product for plastirizing phenol- 
aldehyde resins 

31 

Tla^ieseed oil (+Bulfiirisation after polymenza- 
tmn) 

exfrime piessure lubricant 

03 

Slirllnc 

rured product 

10 

NtttumI riwin+aiumatio hyilrocaihon 

nrylated resin 

26,70 

Oiirlp nhietic aoid+aroniatic hytlmcni turns 

raiins 

01 

Mntural rnsiiis nr tlioir eeten or Bcirls4 milvreit 

rondenwtinn products, more satu- 
rated and of higher mol. wt. 
and m.p. 

56,80 

Miwillanraui Coric/rfomtiuns and Polyrntriiatiana 


l*t»lyvinyl nsters, alcohols, or ethers (for hicher 
divree of pnlymerixiituin) 

oliiHiip., more or less infusibls 
products 

48 

Vinyl ctliers 

pnlyinerizntion products 3I,M, H5,100 

Vinyl ethers 4 80a 

prntliicls whirli give dyes of high 
null. wt. upon eniipling with 
ilia/ci Bulutiniis 

35,65 

Vinyl compounds 4- caters of unsatiirateit high 
nuileoulnr fatty oeida 

mix4vl polymers 

88 

Vinvl compounds halkyl halides (vinyl etheis or 
Kt\Teno) 

eimstitueiiLs of high preshure 
greosPB 

74 

Pnlyvinyl Aloohnl^^aldahydoa 

iirtifieial inbbM-like mosses 

83 

Vinyl csteni+hydrogy-aroimatio compounils 

nrlifiriul innterials 

82 

Vmyi alcohols or hydroxystyrenes 1 a-haloolkyl 
ethers or vinyl ethers 

resins 

58 

Ci-nrked petndfum frooUonH- formaldehyde 

rosins 

28 

^^hyd^^ nnthrooene or phenantlireni;< t aide- 

Ti'siniius products 


Salicylic acid + formaldehyde 

piilynierization products for im- 
prnvmg skins and fun 

03 

^^^'JiV'^B-wnine oandanaetlon proiliict+fnnnic 

AbIU 

irain 

30 

Itiibber+phtholoyl ohlorido or other oxygenatial 
iirganle compounds except nldehydrs 
l*lion(>14-ffuiftir diohloride 

Phenol 4bcaiiutrlehkvide 

linuliiets resisting abmsivos 

rosins 

rceins 

61. 84, 104 

00 

10 
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Reactants 

Prndupt 

Reforeiicctt 

Phenolsd-hHloffcnated terpenes (p.o., teehn. di- 
pentone-f ilCTl Fphendl) 

uily or n>sinuus jirtKlucls 

08, 90. 01 

Phenols Hisoprened HCl 

rraiiiuuH products 

00 

Plienols f vinyl estersd oils 

resins 

50 

PhBn<ds+haloiEenat«d naphthalenes or lialogenated 
hydrogenated naphthalenes 

rwinous products 

07 

PhemiJ+arrulciii 

resins 

8, 105 

Furfural 

rrsmniis products 

18 

Ckirbasolr nr ilerivatives 1- olefin (pnipylene. pyrlu- 
bexeiie) 

oils nr resiiiH 

23, 24. 49 

Higher aliphafie nitriles (sntunitiHl nr iiiishI li- 
ra ted) 

\isroiH oils 

30. 40, 7.1 
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Chapter 19 

Anhydrous Aluminum Chloride in the 
Petroleum Industry 

H The importance of anhydrous aluminum chloride in the petroleum 
industry is due to its catalytic effect on hydrocarbons involving decom- 
position! polymerization, alkylation, and isomerization. The practical 
application of reactions of these tyties to the petroleum industry is 
expressed in the following scheme: 

1 Preimralion of gasolines by cracking high-bulling hydrocarboii'i 
utc mposi I Kefining by dccumiKisitioD uf organic compounds of sulfur 

{ Preparation of lubricanLs and motor fuels by polymerization uf 
low-boiling hydrocarbons 

Refining by polymcnzalion of gum-farniiug constituents 

{ Preparation of motor fuels by alkylation of paraffins with uleiluh 
Synthesis of pour-point depressants by alkylation of aromalich 
with higher olefins or alkyl halides 

{ Prcpafution of branched paraffins having liigh anti-knock value 
King closure of aliphatic hydrocarbons to confer increused aru- 
maticity 

Of the four reactions, isomerization has been the least studied. The 
isomerizing activity of aluminum chloride, however, is of potential inter- 
est in such reactions as in the preparation of isooctane from n-butane 
through isobutane, and in the recognized increase of anti-knock values of 
gasolines with increasing aromaticity. 

Since in the petroleum industry aluminum chloride has been must 
widely applied in cracking, refining, and in the preparation of pour-point 
depressants, this chapter will be limited to theee fielde. Its use in the 
preparation of polymer lubricants and motor fuels has been discussed in 
Chapter 18, and its activity as a catalyst for aliphatic alkylations and 
isomerizations in Chapter 17. 

Decomposition of Aliphatic Hydrocarbons 

The basis of the use of aluminum chloride in cracking proecsses 
depends primarily upon the ability of this reagent to split long-chain 
hydrocarbons into shorter molecules, thus increasing the yield of gasoline 
oMainable from crude oils. 

Tlte meohanism of ilic aluminum chloride-catalysed decomposition of 
pure aliphatic hydrocarbons has not been studied very intensively; with 
a few exceptions practically all the data have been reported after tlie 
catalytic cracking operation became a commercial success. Since some 
inrig^t into the nature of the probable reactions can be obtaicod from 
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the study of these pure substances, this work will be presented before 
proceeding to the large-scale processes. 

Methane at 250-500° in the pro'^cnee of aluminum chloride has been 
reported to show no tendency to form other hydrocarbons, producing only 
carbon and hydrogen, although it has also been stated that the presence 
of catalyst promotes the fonnation of ethylene as well as carbon and 
hydrogen from methane.^ 

Jurkiewicz and Kling ^ studied the decomposition of the paraffins from 
methane to isobutanp in the presence of aluminum chloride and found 
that ethane showed some oily product at 320°, but that only carbon was 
formed at 500°. Propane decomposed more readily than ethane, and at 
245° isobutane fonned some oil. It was obi^erved in these experiments 
that above the critical temperature of aluminum chloride, 370-390°, the 
catalyst showed only a cracking effect, and that the resistance to decom- 
position decreased with an increa.se in molecular weight. 

Ipatieff and Grosse ® investigated the action of aluminum chloride on 
butane, hexane, heptane and 2,2,4-trimcthyIpcntanc. A temperature of 
150-200° was required for substantial reaction and the presence of a 
hinall amount of hydrogen chloride was necessary. Compounds of higher 
and lower boiling range were formed in all cases and a general reaction 
termed autodestructive alkylation was postulated. 

In 1898 Friedcl and Gorgeu ^ had observed that, upon heating normal 
hexane with aluminum chloride on a water-bath, there was formed a con- 
siderable quantity of butane and pentane, and that propane and high- 
boiling products were also formed in small amounts. 

On the other hand, it has also been reported that no reaction occurs 
between hexane and aluminum chloride at room temperature or at 55°, 
whereas isohexanc at room temperature reacts with aluminum chloride to 
give products of a nature similar to those reported by Friedcl and Gorgeu 
for hexane. "Neither methane or ethane has been reported as a product of 
these reactions.* 

Normal heptane, on treatment with aluminum chloride, gives rise to a 
greater variety of products caiused by more complex molecular changes 
involving isomerization, condensation and cyclization. The presence of a 
E-mail amount of water has an accelerating influence on the reaction. 
Products of these reactions ranged from propane to cycloparaffins to 
OuHje* 

In a study ® of this reaetion in the presence of a small amount of 
water little reaction was observed at 20-25°; at 97-99°, however, a con- 
Efiderable amount of gaseous paraffin was evolved and imsaturated oils 
were formed. 
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H (30). (102<)); C A , 23, 2284 
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127, 590-504 (1898); /. Chem Soc. Abi., 76 (1), 181 
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A detailed analysis of the products formed on heating n-heptane with 
aluminum chloride at 96** has been made by Calingaert and Bcaity.*^ It 
was found that 64.6 i)er cent of the heptane was converted to pentane 
and lower^boiling products and that 24.4 per cent went to polymers. The 
following hydrocarbons were identified: pentane, 2 -methylpentane, 
3-methylpentanc, hexane, 2,4-dimcthylpentane, 2,2,3-trimethylbutane, 
3^-diroethylpentane, 2-methylhexane and 3 -methylhexane. There was 
no indication of the formation of naphthenes.® 

Long^chain alij)hatic hydrocarbons from octane to hexadocanc give 
rise to the formation of n-butane when decomposed in the presence of 
aluminum chloride. Grignard and Stratford® observed from a sludy of 
the catalytic decomposition of octane, diisobutyl, decane, diisoaniyl and 
heptadecane that butane was invariably split off. With chains of len or 
more carbon atoms butane was split off from both ends of the molecule 
The unsaturated residues from those reactions were polymerized. 

Cox^® concluded from the decomposition of nonane by aluminum 
chloride at 110 - 120 ° that the peiitene residue resulting from cleavage of 
nonane into butane was converted into cyclopentane, «‘ince the 
obtained was unaffected by aluminum chloride. (Jrignard and Stratford ® 
also postulated cyclization of unsaturates in the decomposilion of diiso- 
amyl to large quantities of butane and small amounts of material which 
were thought to be cyclobutane and cyclopentane. 

Hexadecane, when cracked in the liquid phase with aluminum chloride 
splits into approximately three molecules of butane and an asphaltic 
residue. It is significant in this work that it was observed that in the 
absence of a catalyst the carbon chain was likely to break at any point.^' 
The decomposition of octadecanc by aluminum chloride begins at 
about 110 ° and the percentage of gaseou.s products increases as the reac- 
tion temperature is raised to 275°. Saturated hydrocarbons with a boil- 
ing range of 20-175°, equivalent to 60 per cent of the total reaction prod- 
ucts, were obtained. In a similar manner hexatriarontane, CB 0 H 74 * 
began to decompose at 175°; as the temperature was increased to 315° 
there was considerable coke formation and a correspondingly docreaseil 
yield of liquid products. 

Decomposition of Naphthenic Hydrocarbons 

In view of the fact that naphthenic or cycloparalRn hydrocarbons are 
present in petroleum and are reactants in cataljrtic cracking with alu- 
minum chloride, a brief reference to the nature of the products of such 
reactions is important. 

fQ. Calingaert and H. A. Boatty. /. Am. Chem Sih;., 58. 51-54 (1836), 

oQ CAlingarrt and D. T. FlcHid, J Am. Chem Sm: . 856 (1835) 

•V. Qrignard nnd R. Stratford, Compi. mi,, 173, 2148-3152 (1884) R. Straifnnl, 
ffruttet, 17, 7647-7048, 7086-7087, 7114-7116, 7204-7207. 7321-7323, 7876-7377 (1825); 16, 748I-7481 
7617-7518, 7507-7580 (1826); C. A., 20, 8230. R Stratford, Ann. Combiuttblr hgutdrii, 4, 

817-350 (1028); C. A., 23, 5504. 

»M. V. Cox, Bull. HOC. r/iim.. 37» 1548-1558 (1825); C. A.. 20. B08. ^ , ,, 

QauU and R. Signidt, Arm. office not. comb, liqwdeat it 300-823, 548-584 (1927); C. A , 22, 

87 V. 

» K. n, BaufT and V. Toma, Rcr.. 87, 1185-1185 (1884). 
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CyelohexanOi heated with aluminum chloride at 70'’, polymerizes to 
form polycyclohcxyl compounds, although this reaction does not occur 
at 40 °, In the presence of hydrogen chloride reaction takes place even 
at —78° with the formation of chloropolycyclohexyl products.^® 

The isomerization of cyclohexane to methylcyclopentane was observed 
by Aschan,^* but the degree to which this reaction will occur appears to 
be a function of the presence or absence of water. Thus Nenitzescu and 
Cantuniari were unable to detect methylcyclopentane when cyclohexane 
was refluxed with anhydrous aluminum chloride; but heating with 40 per 
cent aluminum chloride and 1 per cent water gave a 20 per cent conver- 
sion to the isomeric methylcyclopentane. This appeared to be an equi- 
librium value since prolonged heating did not change the concentration; 
but removing methylcyclopentane from the reaction and reheating the 
unchanged cyclohexane and aluminum chloride again formed a mixture 
with 20 per cent methylcyclopentane. 

It has also been reported that by heating cyclohexane with aluminum 
chloride there is formed not only methylcyclopentane but also a small 
amount of another isomer, dimcthylcyclobutane.^® 

Ipatieff and Komarewaky heated cyclohexane in a closed autoclave 
with aluminum chloride and dry hydrogen chloride at 150° for 24 hours 
and noted the production of methylcyclopentane, m-dimcthylcyclohexane, 
bicyclohcxyl, and diinothylbicyclopentyl (C 12 H 22 ), together with a small 
amount of isobutane. Benzene under the same conditions formed ethyl- 
benzene and biphenyl. The interpretation of these results involves 
destructive hydrogenation of benzene with the formation of ethylene, 
which in turn alkylates unchanged benzene. This process was termed 
"destructive alkylation.” When it is applied to the reaction of cyclo- 
hexane, the derivatives of the products seem to be (1) niethylcyclopcn- 
tane by isomerization, (2) bicyclohcxyl and dimcthylbicyclopcntyl by 
dehydrogenation of cyclohexane and methylcyclopeniuiic, and (3) //i-di- 
inethylcyclohexane by destructive alkylation. 

The most extensive study of the thermal decomposition of cyclo- 
paraffins by aluminum chloride is that of Grignard and Stratford.^® 

By cracking the reactants at 120-150° in the presence of 20-30 per 
cent by weight of aluminum chloride* the following observations were 
made: 


(1) Cyclohexane and methylcyclohexanc were unchanged. 

(2) Ortho and para-dimcthylcyclohcxanes were isumcrizcd to the rmita-dcrivative. 

(3) Derivatives with a side chain of Ca or Cj arc cracked to a slight degree 
(1-5 per cent) with the formation of eorresponding aliphatic radicals and 
oyeiohexene which polymerize in the presence of aluminum chloride. The 
side chains give rise to as many methyl groups as it has carbon atoms and 
these fix on the nucleus in m-position to each other. 


1. Weturnioji, J. J. Km*iiflprtN', nnd A. C' Tn PiHUlon, trav. thim., 54, 246*>246 (1935); 
Rnt, Ctwnu AbB.-A, 480 (10351. 

^*0. ABclmn, Ann., 324, 1-30 (1002). 

“C. D. NunitKascu anil I. P. Cantuniari, Bvr , 66, 1007-1100 (1033). ..m-v 

*«N. D. ZeliiMky and M. B. Turowa-PoUak, Bit., 65, 1171-1174 OTA 

”V. N. Ipatieff and V. i. Knmarewtiky, J, Am, (Viem. Soc., 56, 1030-1028 (1034). . , 

“V, Grignard and R. Stratford, loc. at. R. Stratford, \oc. c\t,; boo also A. W. Naah and 
J- Mawm, fnd. Bng. Chern,, 26. 45-60 (1034). 



ANHYDROVS ALVMINVM CHLORIDE 


m 

(4) m^iethylpyclohezanc fonns mainly tetrametJiyiQyololiexane, but if the elHyl 
radicals arc cracked off they form butane. 

(6) Butylcyclohexanes are cracked more markedly (13-16 per cent), The normal 
and secondary compounds form nrbutone, and Iho tertiary derivatives yield 
a mixture of n-butane and isobutane. The principal product is a mixture of 
tetramethylcyclohexanes. 

(6) Amylcycslahexone is 70 per cent cracked, and isoamylcyclohexane is 42 per 
cent cracked to yield butane. (This indicates rupture of the side chain 
between the first and second carbon atoms from the ring.) Methylcyclo- 
bexanc is formed in each case. Isomerisation, as before, forms tetramcthyl- 
and pcntamethylryclohexancB. 

Thus, substituted cyclohcxancs undergo a double transfonnation: u 
cracking which increases in degree with the length of the side chain and 
an isomerization which leads only to polynietliylcycloliexanes. 

Cracking of heptanaphthenes from Baku petroleum at 100-140° in 
scaled tubes gave rise to isobutane and a carbon residue as the main 
products. The mechanism of this reaction has been proposed as follows 

hcptanaphthenc ■ ■ — > cyclobutane + H2 > bicyclobutonc + 2U9 

> methylcyclopropane + H9 > isobutane 

Decomposition of Other Hydrocarbons 

Petroleum is an extremely complex mixture of hydrocarbons most of 
which are ^^aturated compounds; however, when cracking takes place aro- 
matic and unsaturated hydrocarbons arc produced. The action of alu- 
minum chloride on these latter hydrocarbons has been reviewed in Chap- 
ters 16 and 18, respectively, but the type of reactions possible should be 
kept in mind when considering the cracking processes. 

Generally speaking, aromatic and polynuclear hydrocarbons react in 
the presence of aluminum chloride to form both simpler and more complex 
derivatives. For example, ethylbenzene forms benzene and dicthylben- 
zene, and naphthalene heated under pressure with aluminum chloride 
forms some dihydronaphthalcne by hydrogenation of one part of the 
naphthalene at the expense of the other 

In an analogous manner hydroaromatic compounds such as decalin 
give products ranging from benzene to high-boiling compounds with con- 
densed nuclei.^^ 

Olefins will polymerize to higher olefins in the presence of aluminum 
chloride, and these products may isomerize to the corresponding cyclo- 
paraffins. The higher olefins may also split off lower paraffin molecules 
with the simultaneous formation of hydrocarbons of lower hydrogen 
content.^^ 

The fact that the products obtained by cracking petroleum with alu- 
minum chloride are usually low in olefins has also been attributed to tlic 

»N. D. ZeLinvkil and V. A. Bmirnov, Brennsioi-Chem., ^ 244<2S6 (1B25), C. A., 19, 8476. C. Friodil 
and A. Gmfteu, Comvt. rend., U7, 5N-AQ4 (18V8); /. Chem. Soc, Abi., 76 (1), IBl (iwv). 

«A. W. Naah J. Maaon, /nd. Bng. Chem., 26, 65-10 (1004). 

Q. Bohr^eter, Brenn»toff-Cim., 1, W (1020). 

M. Stanley, /. Boc. Chem. ind., 40, S40-854T (1080). A. W. Naah, H. M. Stanley, and A. U 
Bowen. /. Inti. Petrolatm Tech., 16, OO-WO (1080). 
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obeervation that aluminum chloride oombinea with such unsaturates, 
holding them back from the distillate.^ 

As a final complicating factor it should be noted that aluminum chlo- 
ride also acts as a catalyst for alkylation reactions. Under certain con- 
ditions, paraffin, naphthene, aromatic and olefin hydrocarbons will react 
among themselves to form a wide range of new products.®* These reac- 
tions arc discussed in more detail in Chapter 17. 

Cracking of Petroleum 

In 1878, Friedcl and Crafts communicated to Abel®** a description of 
the first aluminum chloride cracking process, and there was patented a 
method wherein hydroritrbons heated at 100-160° in the presence of alu- 
minum chloride were converted to lighter hydrocarbons. Naphthalene 
produced benzene, toluene, and other products; low-grade petroleum gave 
both light and heavy oils with simultaneous removal of sulfur. Heusler 
made similar observations, but was unable to obtain desulfurization. 
Gustavs on noted that aluminum bromide reacted in an analogous 

manner. 

. Despite the interesting implications of this pioneer work, the study I 
was dropped for many years. Anhydrous aluminum chloride was a costly f 
reagent and could not be used in commercial production of relatively low- 
priced commodities such as gasoline. The tremendous possibilities of 
cracking petroleum in the presence of aluminum chloride were thus held 
in abeyance i)ending the development of a cheap method of production. 

The successful solution of this problem by A. M. McAfee®**’®®*®® of the 
Gulf Refining Co. was an outstanding achievement and immediately gave 
rise to a great many patents covering a variety of mctliods of cracking 
petroleum. 

The McAfee process for the production of gasoline from petroleum 
has been described in detail in many papers and patents; but reference 
should be made to the original literature for exact methods of o])eration.®^ 

Briefly, this process consists of distilling crude oil to remove any water j 
and straight-run gasoline. From 3-10 per cent of anhydrous aluminum 
chloride is then added to the residue and heated to 500-550°F. for 24 
hours while being thoroughly agitated. Low-boiling hydrocarbons formed 

"W. W. UendoTBoii nnd W. C. Qangloff, /. Am. Chem. Soc.. 38, 1382-13^ (1318). 

V. Ni Ipatieff and A. V. GroBiie, J. Am. Chem. Soc., 57, 1810-1621 (1335). 

“Brit. P. 4,700 (1878) to C. D. Abol. 

"F- Heudor, Z. onQvw. Chem., 9, BIB-821 (1896); German P. 83,494 (1894) io F. HmiHler; C. Z.. 
1895, II, 1143. 

»Q. Giutavitnn, Bcr.. 14, 2619-3623 (1881); /. Ruga. Phya-Chem. Soc., 13, 14D (1880); C. Z.. 
1681, 888. 

«A. M. MDAfoe, Refinfr, 8 (8). 27 (1928). 

» U. S. P. 1,578,052 (1026) to A. M. MoAfee, C. A.. 20, 1695, 

"^A. M. McAfiH*. Ind. Eriff, Chem., 21, 070-673 (1929), 

*^A. M. MoAfee, Ind. Eiiff. Chem., 7, 787-741 (1916); JVaC. Petroleum JVtsios, 7, 20-25 (1915); 
Chmm. Met. Eng., 13, 592-697 (1915) ond the fnllowinR U. S. paU^iita: 1,326,072-8 (1919), 1,476,091; 
1.478.444 (1923), 1.601.014 (1024), 1,678,040-51; 1,601,636 (1926), 1.686,144 (1927) aUo Canndian P. 163.001; 
IN, 671 (1910). ^ bJmo F. W. Padgett, Chem. Met. Eng., 23, 908-913 (1920). A. Maiihe, iZpv. Sci.. 

M^.880 (1922); C. A.. 17, 1824. A. W. Kanli and J. Mason, loc. cit. U. B. F. 1.473,810; 1,476,210 
(1039)) 1^,871; 1.583.2M; 1,007,000 (1920); 1,079.339 (1938) all to G. L. Prichard and H. Hendprson 
(to Gulf AeAning Co.); U. B. P. 1,076,507 (1084) to D. R. StpvniR nnd J. R. Adams (to Gulf 
Refining Co.); Brit. P. 207,SM (1926) to Gulf Refining Co. 
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in the cracking operation arc distilled off until reaction is complete. 
Volatilised aluminum chloride and its compounds are returned to tlie 
still. The distilled product of the reaction is a mixture of gasoline and 
kerosene in yields from 15-70 i)er cent, dejicnding ujHjn the tyjH? of crude 
used. The reaction may be continued until the still residue is rciluced 
to a coke from which aluminum chloride may be regenerated. Alt^^rna- 
tively, the cracking may be stopped before coking and the residual oils 
worked up to lubricating oils. A crude oil low in sulfur and thoroughly 
dried is preferred, since both sulfur and water have a tendency to reduce 
the activity of the almninuni chloride. Obviously tliis i)n)ces8 is siibjeci 
to many modifications of equipment and operating temperatures and 
pressures. 

Another process for the catalytic cracking of petroleum with alumi- 
num chloride has been developed by G. W. Gray and The Texas *- 
Substantially, this process consists of converting high-boiling hydro- 
carbons to low-boiling hydrocarbons by cracking, in the presence of alu- 
minum chloride, at temperatures which are equal to tlic end-iK)int of the 
desired product. Thus, if cracking is performed at 350°F., the over-head 
product will have an end-point of about SSC'F.; correspondingly, opera- 
tions at 550-600°F. will yield a product containing kerosene, unless a 
dephlegmator returns the latter to the still. It has also been noted that 
the addition of hydrogen chloride ])roinote» smooth vapor evolution and 
tends to keep the aluminum chloride in an active condition. 

The Standard Oil Company of (^alibirnia has dov\doped a continu- 
ous method of utilizing aluminum chloride as a cracking catalyst. 

Edelcanu observed that oils treated with liquid sulfur dioxide in 
remove unsaturated constituent.^ may be cracked to lighter hydrocarbon^ 
by aluminum chloride. Additional aluminum chloride should be chargcil 
to the still as the boiling point of the residue increases. 

Hydrocarbons soluble in liriuid sulfur dioxide may be converted to a 
mixture of low-boiling hydrocarbons huAung a high content of benzene 
and toluene.*'* Lubricating oils may be produced by the aluminum chlo- 
ride cracking of paraffin wax.'** Oils containing unsaturated hydrocarbon^ 
may be heated with 2-10 per cent of aluminum rldoridc to conA'crt thc'^c 
materials to saturated products before proceeding to the cracking opci- 
ation.*"^ 


(WIT), r. A., 11, 2731; Unt P 17, 
/nd- 33, 1014 (1914); U. H P 1,193.540-1 (1010), C. A.. 10, 3402, 
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to G. D. White (to Tfixw Co.); U. H P. 1,825,270 (1081) tn V. N. Jt^nhina anii C. P. AVipoii. Jr 
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J- Jolin»un (to 1. 0.). 
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The aluminum chloride proccHs has been subjected to many modifi- 
cations. Thus the oil to bo converted to low boilers may be heated in a 
still containing a quiescent pool of aluiuinuiu chloride separated from the 
bottom of the still.’'*** Cracking may also be conducted by contacting alu- 
minum chloride vapors with hydrocarbon oils.*'*® 

Aluminum chloride has a tendency to vaporize during the cracking 
operation; such volatilized material may be returned directly to the still 
with the refiux condensate.**** In another process, the catalyst remaining 
in the residue may be vaporized and absorbed in a hydrocarbon oil to be 
returned to the reaction chamber.^* 

The tendency of aluminum chloride to form complexes has afforded 
a means of preparing special catalysts. An intermediate having the for- 
mula A12C1 oCbHig.6(!!(|Hii prci)ared from the reaction of aluminum chlo- 
ride, ethyl chloride and benzcTu^ is recommended as a catalyst, either 
alone or absorbed in i)orous matcriiiN. This latter product is used in 
vapor-phase cracking.*- A similar reaction is claimed from aluminum 
chloride-hydrocarbon catalysts which may be formed by mixing oil and 
aluminum chloride, or by treating oil and metallic aluminum with 
hydrogen chloride and supporting the catalyst in kieselguhr.^* 

The addition of other material to the aluminum chloride catalyst has 
been suggested; among these added reagents are charcoal,'*^ hydrous sili- 
cic acid,^® lime,^^ and very complex mixtures of alkaline-earth halides 
and oxidizing agents.^® 

If hydrocarbon-chlorine mixtures are passed over alumina at ele- 
vated temperatures, aluminum ehlori«le is formed and acts upon the 
liyilrocarbons.^® 

Residual aluminum chloride in the still residue may be removed hy 
water washing if the end-point of tlie cracking operation is controlled.**® 
The aluminum chloride used in enuking petroleum may be reactiv- 
ated by adding nitrosyl chloride to the charge stock.®^ 

Since the recovery of aluminum chloride from the cracking operation 
is of vital economic concern, much work has been done on this subject. 
The recovery of aluminum chloriclc from hyilrcicarbon sludges thus con- 
stitutes an important section of the chapter on preparabiun and manu- 
facture of aluminum chloride.* 
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Tha Character of the Cracked Prodocte 

With the advent of aluminum chloride cracking proceas a new field 
of research was opened up in attempting to determine the course of the 
reaction and the nature of the products. 

Winkler** noted the tendency of heavy California oils to thicken 
when mixed with aluminum chloride. Broo^ and Humphrey ** observed 
the formation of aromatic hydrocarbons in the distillate obtained by 
cracking various oils with aluminum chloride under pressure. The high 
boilers were mostly naphthenes. 

Pictet and Loresynska also cracked a variety of materials and found 
the low boilers to consist of 35 per cent paraffins and 65 per cent cyclir 
compounds of the formula CnHa.. They assumed that these products 
were formed by splitting the naphthenes with a long side chain, present 
in the oil, into paraffins and cyclodlefins. Thu latter products were hydro- 
genated to lower-boiling naphthenes or polymerized to asphult-likc sub- 
stances. 

The cracking of solar oil at 250-280° with aluminum chloride gave n 
70 per cent yield of low-boiliiig saturated hydrocarbons, whereas crack- 
ing at 600° under 18 atiuospheres’ pressure gave a high yield of aromatic 
compounds.** 

Kerosene, spindle oils and cylinder oils decompose in the jirescncc of 
aluminum chloride at 150° witli the naphthenes going to iiarnffins, aro- 
matics, and residual asphaltenes.*” The mechanism of the rcurtioii 
between kerosene and aluminum chloride will depend upon the source uiiil 
composition of the oil. Acyclic saturated hydrocarbons will break into 
light, gaseous or liquid paraffins and unsaturated derivatives which may 
polymerize to build up higher saturated hydrocarbons. Isomerization and 
cyclization is also possible with these acyclics. Aromatic hydrocarbons 
may decompose or may be alkylated in the presence of olefins. Unsatu- 
rat^ hydrocarbons may polymerize to fonn cyclic derivatives which in 
turn will decompose above 150° ; or tlicy may add to the simple aromatic 
hydrocarbons to give higher homologs. Naphthenes are the most resistant 
to reaction, but above 150° they arc converted to saturated compounds, 
and above 370° react to form aromatic and unsaturated hydrocarbons.*' 

Cracking kerosene and gas oil containing 60 per cent aromatic, 25 ])cr 
cunt naphthenic and 16 per cent paraffinic hydrocarbons gave about 50 
per cent of a cracked distillate containing "benzene" and "toluene” frac- 
tions equal to 10 per cent of the original material.** 


"J. Wioklv, /. rrankfiH Iiut., 171, tT-H (1914). 
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The cracking of paraffin oils in the presenre of aluminum chloride 
gave rifle to a difltillate containing 24 per rent aromatic and 4 per cent 
unsaiurated hydrocarbons.*** Although paraffin wax is not readily decom- 
posed by aluminum chloride, 18-23 per cent yields of gasoline may be 
obtained, with reaction temperature below 330".®* Grozny paraffin heated 
to 130-140® with aluminum chloride gave 55 per cent of a colorless dis- 
tillate. The 25-150® fraction of this distillate contained 3 per cent aro- 
matic and 4 per cent hydroaromatic compounds; the 150-210° fraction 
contained less than 1 per cent aromatic or hydroaromatic compounds,®^ 

Emba crude oil cracked at atmospheric iiressure with 10 per cent 
aluminum chloride gave 48 per cent conversion to gasoline in the 50-200° 
range, 15 per cent boiling at 200-300° and 18 per cent boiling above 
300°."' Refined Oabian petroleum gave a maximum conversion to light 
products of 74.5 per cent at 210° with 9 per cent aluminum chloride, 
whereas the crude material containing sulfur and oxygenated products 
required 14-15 per cent aluminum cliloride. A distillate to 340° required 
12 per cent aluminum chloride for maximum conversion. This work 
included a study of the stability of the complex formed between aluminum 
chloride and the hydrocarbons. Since it was oliservcd that decomposition 
of this complex began at 150-160°, was fairly active at 190-210° and 
complete at 230-240°, it was deemed preferable to carry out cracking at 
240-245®."* 

It is manifestly difficult to obtain a true insight into the mechanism 
of dccompoHition of any substance as complex as petroleum oils. Practi- 
cally all types of oils will yield paraffinic, aromatic and naphthenic hydro- 
carbons in the cracked distillate, the ratio of the products varying with 
the original composition of the crude. Rome conclusions, however, on the 
influence of aluminum chloride arc worth noting®’'; 

Hydrogenaton of uusaturated re.sidue formed in tlie decomposition of 
the aluminum chloridc-hydrocarbon complexes occurs fairly readily. The 
shortage of* hydrogen to complete this process permits polymerization and 
carbonization which limits maximum conversion to light products to 
about 70 per cent. Paraffin is more stable than oils containing paraffin. 
A maximum of 10 per cent aluminum chloride gives the optimum conver- 
sion to useful products. If temperatures above 180-195° are employed, 
pressure should be used to prevent sublimation of the catalyst. The com- 
plex formed between aluminum chloride and hyilrocarbons is a satisfac- 
tory catalyst and flimplifios handling of the aluminum chloride; however, 
such materials thicken and are difficult to use in a continuous manner. 
Cracking of oils in the presence of aluminum chloride to obtain gasoline 


Tlqhy, Mivo 0 Tiypeni 11, M-89. 100-102 (1929). C A„ 24, 4925. 

1 ^ 3' '■ WatamiAn and L. L. W. mmi Surat. J In'*i VitnUtum Ttrh, 14, 768-760 (1020)-. C, A., 
H. Kdiih and H. Slelnbrmk. nrcnni.loff^Chtm . 20, 147-152 (1930); C/ifwiico/ Agv, 40, 868 

* ®y U| 

5176*^’ ■“*1 M. E. Mikhlui, J. Applied Chen (USSH), 18-W OOM). C. A,, tt^ 

idnn. p/giet mil romh, Itqutdcs, 2, 89-91 (1D27J, r. A.t 21, 3787 
l>Ubp)V likvrcvvvkU, OolcUtein, Fwh, wid MiUmu^Hkiiya, Ahnryaiiifvn. 22, 19 (1089), 


r. 
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and kerosene leaves residual oils which may be used as a source of lubri- 
cating oils. 

Aluminum Chloride as a Refining Agent 

The use of aluminum chloride as a refining agent for lubricants and 
motor fuels is based on its ))olymerizing and desulfurizing effect. Gum- 
forming constituents arc removed by polymerization. The dcsulfurizuig 
action of aluminum chloride at ordinary temperatures i.s probably due to 
the formation of addition compounds. At higher temperatures, however, 
cracking occurs; most of the mercaptan sulfur is eliminated as hydrogen 
sulfide, but alkyl sulfides, alkyl disulfides, tiiul thiophene are con veil cd 
to hydrogen sulfide and nicrcajitans.*’^ 

Although aluniinum chloride has been most often mentioned as a 
refining agent for petroleum products, it has been shown to be effi'ctivc 
in removing sulfur impurities from benzene and in the purifiration of 
such a miscellany of products as wood spirit distillates, acetylene, and 
tetrachloroethylene. 

The extensive literature on the ."iubject is surveyed in tbe following 
table: 


Table 41 — Use of Alunriinum Chloride in Iti fining 


SubHlonce 

Kt'fituil 

CiHiiUtionjB 

IlrMults 

Itif 

GfiMilinp 

at 30-00” an AIGlj-rilpfin 

cijnipliT 

dcguniniing 

lo.'i. iri 
121 

CikiiNilinp 

Alt’li m AICIi-pUivIimic wwjipIpx; 
BubHiHiuiiit or pipvioiifl ti gar- 
ment tilth hilrnt oIh* diNGhariri'n 

(IPIPillUlllllg 

Ri, ini 

117 l-HI 

CiBckf*d Ba^ulme 

trpatmpiit with solution i»f 
ra(C)i ^)3 and distillutiuii in thr* 
preaencp uf AlClj 

rvlniiiig of a awnctonud oil 
for iurtliiT iiii prill pm I'D 1 


OwnUnti 

\upnr passed up a tower down 
which is tnekind a moltfTi 1 1 
iriixturo of AlCli with ZnCly nr 
VuVle 

rrfiiilng 


Crackc^l kumoJiiic 

AlCla and a “inrHl prating agnnt," 
r fj , plininl at 63-4M)” 

rntinmn 

Til 

NaphUinip-tiontaiiiinic 

gasolinm 


11 ‘njiwal Ilf siibfltaiicns 
poihtmuiR In (Irhvdrn- 
genatiiig rntaly^tH 

IIIH 

Cnu’kotl pcftrulnum 
vapora 

prnckiiig vapors Ird dinrllv In 

1 cssfl Piinfuining 5^^ AICI i 

high boiling connlitupnta 
spparntpfl 

21 

CraokJnK dwtillntfa 

aliiw distillation in prmvnrp of 

AlCli', solvent may Up used 

ri'Aning 

71 

Cfacked 0 aftf)l]iip 


dpRliituning 

7') 

Crackpd dintilUie 

< 1 % Aids dissnlml in pfhvl 
pttipr, ethyl arrtatp, oi n-propyl 
alrohol 

d(«giimiiiing 

32 31 

Oraiiki*d petrolrmn oil 

two -stage tTpaiment 

dpgijmining 


Crankwl dMtillate 

AlClf in prpaeiin* of a nitrolivflro- 
imrUnn; r.g.^ nitiuinpthnnp 

iKinoval of mMlrsirahli' min- 
pnunds withniit siilHluntiHl 
IPlIICiVul of U1IHilfllinl«‘ll 


Cmckrd diititlAtp, 
b, 150-400* 

50-130* 

refining 

IH 

Priroleum Imctifm 
p^UtmiBg unaalii- 
rat 4 Kl BonipoundM 

aluiiuniini carbids and Aldu ut 
120-150* 

iKin-Mliidging oil 
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Bubatance 

JELeflned 

('‘onditiunH 

Riwultb 

Ref. 

'Pi ebonxine" (tiuiii 


draiunminjE 

9 

arrivnteil C absurp- 
iion proGQM) 

Cranked ffasoliiin 

0 5-3'/r Ain, III 400^ and 1000- 
200(1 lb /mi 111 foi 20 Him 

(Irmiiiuiiitig 

55 

rut (if crackcil 

... ... 

llflfllllO 

03 

gafiulilK^ 

Crude Ka*(uline 


driifuiniijiiig 

no 

C'rudc gaHcilinc 
sUirk 

Lunrd a*! Hiilii Ain,, uiidri 
priHsuir at 150-300'' 

1 1 ‘fininK 

04,05,08 

lioW'hoilinic li>tlrrj- 
1 urlMUlB 

5% AlCI, at bHfiw 35° 

iIihhIdikiur and dtguimniDK 

70 

JlvdifUiirbiizi oil 

loiiTii trinpi luluii 

lllL'dlLllldl ud 

50 

Oil 

III1K.1J1K rhiiiiibu 

reiiniiig 

22 

Oil 

ili'i>lillatinn in pn^iiri of AlCl, 

Ml Us oi aIjIIh 

impinxi'd Dll 

28 

1 ubrinitilUE i<lnrk 

95° 

1 1 ‘hiiini! 

37 

Rfld IjEChtCl Dll 

li\ ilrnmiliriiih 

MCI 

ridiniiiK 

112 

I iquid In (lrocaiboii«i 

solid iilismbiiil and MCI 

lehning 

7N 

t luile ojI 

200-31 5 fur 24 hums 

di sill fill i/iiliun and diaiiin- 
inme MS n irsult of truck- 
ing with AlCI. 

10-12 

Hv rliiKiiilirm oils 

AK 1 on piiiuUs miss \aiiui sUitc 

I idininu 

20 

1) p lii'low 200*’ 

Jh iLiuturlion mis 

hlli.iliuij IImourIi liiiihd hlU‘i bul 
rrintiiiJiiriR AlCI 

irriiiiTiR 

20a 

1 ubiiintins filock 

A1C*I| ind iniidLiulitiK iiReiit € t/ , 
pluiiiil 

rLfiinug 

54 

Mineral oila 

bikivi ino^ 

di>KUiiimiug 

101 

Il\drnrarbou oils 

tiip ifintart mass h llir solid 
piiuliitt cibtiiiiusl b\ hratiiiR 

AljOi nviih C and Cl 


28 

Piiiiillin- and nnpli- 

tlU'llU-lllUlO OiIh 

Iiiiumiy tiratiiiriit with H.M), 
thon AlCI, 

1 Linus al of uiiHatuiiiteb 

3D 

Muinral oils 

appmiilus siii>ssLHi 

leJiiiinE 

47 

MvlriHaihoii mla 

iilipaiulu-o Htill wilh prnpillri- 
Idudi Htiirrr non its bottom and 
iiRitatmK iloMciw nboM it 

irliiiiiiK 

31 

M oUu uiN 

tU'MTipliim nf plant 

reliuinA 

B 

Pi'lrulpuiii 

IndiiUiK siliric acid and AlCI 

iruikiiiR lb sulfiiiuing, de- 
lolui iring 

27 

\\ trcilfiiiii disLillatc 

IMiiiinrv irfining b> St)^, thru 
fiirlhci ptinlication with AlCI, 

1 ihniiiK 

119 

* iibi II unt stork 

00-100° fill malrrinl nintaininR 

00% pBinflitiis 130-140° for mate- 
ria) nuitainitiK luit inure ilian 

50% puraHiith 

1 cfiiiing 

103 

buh||ru(y||| yj 

lutisHtcHl niatrrinJ picpiiinl frnm 
jiidrolatum and AlCI, liruimiE 
ini 3 hours 

inipiuMHiieul ot visuiibiiy 

iiidi'X 

40 

extraeted 
base oUs 

tieutiiU'Tit ludow crarkiiifc timp. 

refining 

42,43 

Oilu 

nppaiHtuB dmifEnisl tu rliininBtit 
coiTiMiun b> pvohrd HCI 


40 

Olio 

^ uhiifixtyig shirk 

olmiination of nrid \n|mih b\ 
bluwing a niixliJiu nf strain and 
lUiuatio soda solutiuii iiitn l4u‘ 
vapur span' 


85 

low builuig haliiio'nHtiHl livdnxiar- 
bon aud AlCU; 05-150° foi 1-2 
hrs , ntni. prumuie 

refilling 

57 
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Table 41 — (Coniinuid) 

Sutwtanee 


RafiiMd 

Conditions 

Itusults 

lur 

LubnesUng oil 

primary treatniBnt with HjHOj ; 
then AlClm at about 120* to 
ri-uiove sulfonic acids present 

asli-freo lubncating od 

50 

Lubnentutg slock 

10% AIQs and 10% fuller’s nirtli 
for 0.0 hour at 170* 

refliung 

00 

LubneaUng ml 

t»D-stage treatment; at 206-240*1 
lemoving sludge, and then at 
i44-m- 

uuprD\ eiiieiit of viscosity 

60 

Usod lubricaLing mis 

100-140° 

piirifluatiuri and regeiieru- 
tion 

60. 106 

LubrHsstinE ud 

3-10% AlClt at above 200* foi 

0 9-4 0 hours 

dcu luiiig 

58 

Hydrocarbon oils 

pjeliniinniy trciiLmont with a 
’’conditioning agent," o u * 
nilrobensuDo 

iL-finmg 

111 

Mineral bulI tar oils, 
bp aOO-800'’ 

Aide and fiiiidly ilividi'ii metals, 
r cif . a niixtiire of ropiier, 
bronsi' and pnademl nirkel , 
100-200* 

visi osit> jjii|j| o\ eiiient 

100 

Mineml ods flimtHiniiig 
nromatir and non- 

ucel>lcne and AlCU 

MilitirnUnn of aioiiiiiLic 
li> drornrboiis 

07 

aromatic hydro- 
carbons 

Mineral oil 

AlCli in a bolvint inmprising iiii 
ether and an nieohol; pg, a 
muture of idliyl ether luul 
propyl alrohol 

diicuiiimuig 

31 

High boiling iiiiiiernl 

190'F for at Ipost 24 hours 

rpliiiing 

73 III) 

lubncating oils 

Criirlft SMphaltio 

5% AlCL or A14CI 

rehnmg 

IH 

petaulcimi 

Cracking or sludge 
miilue 

100 200*^ with or without addition 
of a little water 

nviiovnl [>f u>|ihallii sub- 
stunees 

77 

Carbon mun oxide 


rclining 

ino 

liydrogcnation prod- 
ucts, b. above 250” 

Holvrnt extract of 

« * • t « « V « 

leftning 

107 

cracketl prmlucts frmn 
paraflin wax, osokerite, 
or earesin, b p 150- 
4M* 

Paraffin 

65" 

pill i6 cation 

n 

Petrolatum 

agitation with 10-20 wt % nf 

Aldn at 60-120°; six trentments 
with resnovni of secJiineiit after 
each treaUiieut 

puiihciition 

JH 

Aliplialtr hvdrrirarboiui 
of more tliiin 10 car- 

50-110* with 1-8% Aid, 

removal nf siibstuneeh liin- 
dniiig oxidation 

U1 

bon atoms 

Beniene 

1% AlClo 

removal uf unsaiurnti*<l niin- 
pounds through poll in ei- 
uation or, if leas AlCh i" 
used through rmrlinn with 
the benaeiie (alkylation) 

8 

Xylwie 


Purification so that xylrao 
may be used os solvent 
for catalytic reaetions 

One treatment wiUi AICIr 
sciutvalent to 19 wrashingh 
With conod. HsBO, 

17 

Ijgnile tara 

100-300° 

viscous oils 

IH 

Light oils from roal 

Aid, and HiBO, 

rafiniiig 

10 ^ 

carbonuaiton 

Ods from brown coal 
tors 

100-200* 

dewaxing 

IV 

Sulfurised ud, torpenc, 

inert solveiit suoh as gasdioe 

tofiDjng 

71 

or torpene eompoiind 
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SulwtAncc 

JlefinMl 

ronilitiona 

Results Hc'f. 

WimkI iar 


iiiipiovimrat of ihliibitinB 

piOpiMtifSB 

70 

Ari'tniH* 126- 


rkauloiizmis 

113 

200*’, III wrKKi Mpinl 

diHlillHU-tfi li. 125-105'’ 

Riwin 


ill ['uhii i/iiig 

38 

, Sill fur runlam Hint 111 

iiirtlu*n Nulfur 

puriliiiitiun 

30 

with liyilriK’niboiiB 

AL‘i>t\ Icne 

lO-SO" 

piiiitiiittinn fitiiii unaatu- 
1 nil'll inipui lUi'S 

123 

'1 l•l|u^lll[lI uftlijli'iie 

i% VIC'I Hi ihu hp. 

piiiifirutinn 

53 

Plilhnlir unli^ilnik* 

Vlf1| stiiii'il with iiiolliii |ililii.i1ii 
MnlivilndL'; BUhsLiiunil [lislilLi- 
tiiiii 

I)i tulfurizntion 

pui ifi rdtioii 

41 

I’lLuliuijii ciiN 

LiC'l anil AK'li 

ill 1 jlnii/tiliiiii dinl rlrsulfiii- 

niitiiiii 

25 

Pi‘liiilr<iiiii iiiU 

0 5-n Aid, at 100-150“ 

ili'Hiilfiiiiziiliun 

44 

PL>tli)lnUIII Oils 

lajijiuioli'f iil.ir inivfiiii uf VITl 
mill cji*HvliL m-iil 

rli>Miiliiii uutiiui 

52 

Hi ill Dcniluiiiii 

100-600’ 

ili''‘Ulliiiniitinii 

72 

1 iir nnil pi'trfilmni 
dl^(llluU‘8 


iiiriiiiipli 1 l' iLiniiviil uf 

Miilfiir 

5 

CinrkiHl KiiHuluiii 

5-109: \l(n fui i hums 

siilfiii rtilini'il fiiini 1 to 

0 or/o 

7 

Ki in<unr 

65“ 

diH itliji i/iitirui, ilimiliii i/ation 

20 

L'mi'kid ni<ti(ili<uiii 

Hcitoiu* iiinl AU li 

'll>^ulfull^atlllJl 

45 

(lihtillnte 

('iulKihI Kasulinc 

S<1. mill Ain , \*ipui pli iHi 

ii'fininic 

61 

Ghhu1iiu< 

Zii arid iVlC'lj, vapoi pliusi 

ili'siil ruiiraiiun 

82 

C'rtiikifl Knaolinc 

Vt hy wt. nf AlClj 

siilfui fontrnl ii'iluciil 5(K4, 

1 

Mi'ilituiiiuk KiiNulini? 

l-y/» AK’I, 

niniiM'd' nlhl siilliili' Hrr- 
hi'plvl Kulfiili', iind hni/vl 
Milfidi ; n-)u’pt\l Huindr, 
ellj\l HiiiruU', and pthyl 
disulhilp only Hlightlv 
iittiiikiMl 

16 

GhhiiIiiio 

O.yA Aldj at 20-40“ 

ili'Kiilfun/ution ; AlClt fninia 
lii|uiil rriiupiiuiiiK with the 
fa romp minds 

13 

Pun urgniilr i? 

[ riiuiiriijiiiln ilihMiiliiil 

in lilt phi Ua 

l•x|'l[*l imiMits with muaiiivl- mnl 
iMiliijIil nil iruptiui, alkil- anil 
ili-iilkil Hiilfiih^, Rnil with thio- 
|i|ii>ni' iinliruto tliiit at imliniiiv 
liiiipi nitiirm lU^ulfuiuntnni 
lakch plair thiniiffh fniin.itnm 
nf adililuin riiniiHiiimls ; at 
hiirhrr tiiiiiuTatumn thinush 
niirkintf and Lnuliilinn of Hj*S 


14 

C'linh* wh'iit* Biid 


dl‘bUiriU17lttllill 

6 

i'Ufni>rH} 

Ih'nj'i’nu 

repratfd tieatiiiaiit with roiii 

Aldj n1 85“ 

ii'iiinvul uf tiiiuplii'iiu 

8 

lli'iiiuiie 

RKitatinii wilh 1-y^ nf MCli 
d<»p«fndmK upnn thi* |iuiil> nf 
IxMinene traaUwl 

pm ill nil ion from thiophi'iip, 
its hiJincilciKSi and uthi'r 

lllipill itlflS 

8 

I’ullUTM* 

anme ns uliuvu 

11 suits Iras satisfactory than 
with hmiime 

8 

I’nii' oiKanip nulfm 
i;i«iipoun(ifl iti nniili- 
Bfilutiun ^ 


Bond dcsulfunziiiff uf solii- 
tinns riintaininit isuamvl-, 
n HCc-heplvl-, nllyl-, 
phenyl-, and bensyl sul- 
fiile^ Ethyl- and n-heptyl 
sulfidu Slid ethyl disiUfide 
little affeotiNl. 

15 
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20. ai7. 

But. Cfum. m 


B. 


Afl/primeM 

Ne/tyanoe KhozyaMvo, Nos, 11-U, B8-00 

H. JMcknar'BAri’ A, l^ng, Brennutojf^Chem., 1& 126-128 (1086); C. A., 29, 6637. 

A* HjHwjwl E. Michel, Bull. toe. thim. (S), 1^ 1066-1070 (1607); J. Chem. Soc. Aba., 72 (1), 

Qilif ) 2 J**Sm ^ ^"**“'*“ SUuicUrd OU Co. of 

5. Fr. Heuidw. Z. angew. Cham., 9, 816-621 (1896). 

0. H. N, HolmeB and N. Beomon, Ind. Eng. Chem., 26, 172-174 (1034); C. A., 28, 1607. 

7. A. Jumh. Hev. chtm. md., 26, 16 (1087); C. A., 21, 1346. 

a G. V. Kopelevich, A. I. Brodovirh, and E. N. Zhitomenkavn, C'wifcfi and Chem. (USSR ) 3 
No. 7, 66-02 (1088); C. A., 29, 3406. ' ' ' ’ 

0. A. M. McAf«e, Chem. Met. Eng., 42, 186-188 (1036). 

10. A. M. McAfee, Ind. Eng. Chem.. 7. 787-741 (1016). 

11. A. M. McAfee, Chem. Met. Eng.. 1^ 682-607 (1015). 

12. A. M. McAfee, Nofiona/ Betr. Newt (t). 7, 20-26 (1015); C. A , 9. 2147. 

18. A. V». Betnenm’a and D. L. Golehtein, Ne/tyunne A'hcir., Nu. 2, 81-36 (1020); C. .[ , 33 7341 

14. A. E. 'Wood, A. Lowy, and W. ¥. Faragher, Jnd. Eng. Chem.. 16, 1116-1120 (1024)- C. A 

19, 305. 

16. M. ^A^puta and P. P. Perkine, Ind. Eng. Cham.. 19, 1247-1260 (1927); Bnt. Chnn. .\ba.-B, 7N 

10. N. D. Zelinakii and Yu K. Yiir'cv. .Keftyauuc Khoz., 26, No. 0. 36 (1034); Fomyn Pttntitum 
Tech., 3, 103-10.^ (1086); C. A., 29, 4027. 

17. F. Zetiache and 0. Amd, Helv. Chtm. Arta, 9 , 173-177 (1020); C. .1., 20, 1306. 

18. U. H. P. 1.127,466 (1015) to A. M. McAfee; C. A., 9, 860. 

19. U. R. P. 1,277,002 (19J8) to A. M. MrAfce; C. A.. 12, 2126. 

20. U. K. P. 1,277,828 (1018) to A. M. MrAfi^; C. A., 12, 2126. 

21. U. 8. P. 1326,078 (1010) to A. M. McAfet^; C. A.. 14, 628. 

22. ir. 8. P. 1.478,438 (1028) tn G. H. King: C. A , 18, 761. 

28. II. H. P. 1.612,420 (1924) to F. W. Hall ; C. A., 19, 108. 

24. U. R. P. 1.528,808 (1025) to B. T. Brooke and H. O. Parker; C. A., 19, 1404. 

26. U. 8. P. 1,668,631 (1026) to H. Keiiibolri and H. Beinbolil ; V. A., 20, 108. 

36. r. R. P. 1,568,812 (1026) to IV. F. Uowiu^; A., 20, 661. 

2ea. U. 8. P. 1,668,818 (1026) tn F. Dciwiih; C. A., 20, 661. 

27. U. 8. P. 1,670,006 (1926) to H. Reinhold and H. Heinbold; (\ 

28. V. 8. P. 1,678,061 (1026) to A. M. McAfe<« (to Gulf U4>fiiiiiiff Vo.) 

(1926). 

20. r. 8. P. 1.001,406 (1936) to H. H. Mcaxly; C. A., 20, 8804. 

80. U. 8. P. 1,602.422 (1828) to J. W. Ruliwab (to Texae Gulf Sulphui Co.); Brit. Chern. .\b 

84 0020). 

U. 8. P. 1.710,872 (1029) U, W. F. lloaiiK: C. A., 23, 8806. 

U. 8. P. 1,700,788 and 1.700,700 to W. G. Leaiuon; Brtt. Chtm. A(ni.-B, 881 (11131). 

U. 8. P. 1,700,701 (1080) to W. G. Leumnii; C. A.. 24, 4626. 

U. H. F. 1.760,706 (1080) U) W. G. Lennion ; C. A . 24, 4025, 
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Preparation of Lubricants and Addition Agents for Lubricants by Reac- 
tion of Aromatic Compounds with Higher Alkyl Halides or Acyl 
Halides , 

The condensation of rhlorinat(‘d aliphatic hydrocarbons of high molec- 
ular weight with benzene or its homolnga in the presence of aluminum 
chloride results in products useful as lubricants. The chlorinated ali- 
phatic hydrocarbon may be chlorinated paraffin wax containing 15-30 per 
cent chlorine. The lower layer of the reaction product serves as a cata- 
lyst for further condensations.®* The upper layer can be separated from 
the reaction mixture by filtration through a solid reagent and subsequent 
treatment with ammonium hydroxide.®® Another method ®‘^ comprises 
preliminary mixing of the chlorinated hydrocarbon with the aromatic 
hydrocarbon in the absence of catalyst, cooling of the mixture to cause 
separation of solids, which are removed, and treatment of the residual 
liquid with aluminum cliloride, if desire(i with the addition of a further 
quantity of the aromatic hydrocarbon. 
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The production of synthetic lubricating oils by condensation of a 
chlorinated liydrooarbon wax with about 5-25 per cent its quantity of 
biphenyl in the piTsence of about 1-15 per cent its quantity of aluminum 
chloride at 55-60^ has been clainicd.'^^ 

Lubricants have been jm'parcd from Kogaain by preliminary prepara- 
tion of alkyl chlorides from the high molecular weight paraffins secured 
by hydrogenation of carbon monoxide, and subsequent condensation of 
the alkyl halides with aromatic hydrocarbons in presence of aluminum 
chloride. Viscosities and viscosity-temperature cur\'es of the products 
obtained have been determined.®® 

The production of addition agents for lubricating oils by reaction of 
chlorinated paraffin wax with aromatic hydrocarbons in the presence of 
aluminum chloride was announced in 1931 by Davis."^® Paraffin wax wa^ 
chlorinated at 60-150® to a product containing 10-12 per cent chlorine, 
and 1 part of this material was reacted with 0.1-0.5 part of aromatic 
material such as benzene, naphthalene, anthracene, or aromatic gas oil 
The whole was mixed with an equal weight of aluminum chloride at 
60-71° in the presence of kerosene as diluent, and after 24 hours th(‘ 
temperature was raised to 93°. The reaction mixture was allowed to 
settle, the oil cooled, and the unchanged paraffin removed by cold-pressiiip 
or vacuum distillation. 

Products of the Friedel-CraftB condenhation of the chlorinated paraffin 
wax with naphthalene are known to the trade as Paraflows. Addition of 
0.25 to 1.5 per cent of paraflow to paraffin-base oils reduces tlie iMuir- 
point from around 30®F. to 0®F.^^ 

The heavy, unctuous syntlietic product obtained by condensing chlori- 
nated paraffin with benzene or naphthalene ha.s been claimed to be an 
effective additive to heavy lubricants for transinission and differential 
gearsJ^ According to Ruida and Poll,'^'* however, paraflow cannot be used 
with transformer oils or with other oils used for lubrication over long 
periods of time since oils so treated age more easily. These investigators 
also report that oils from purely asphalt -base erude containing no paraffin 
arc unaffected by addition of paraflow. 

In an improved process halogenated heavy aliphatic hydrocarhon'^ 
are heated with an aromatic compound such as naphthalene, biphenyl 
chlorinated biphenyl, fluorenc, chlorinated anthracene, or coal-tar rchiduc 
to a reaction temperature of about 55°, and aluminum chloride is 
qucntly added, the reaction temperature being kept at 54-60° for one to 
four hours, or until reaction is complete. The residue is extracted with 

WU. S P. 2,m,m (1086) to F. H MncLaren (to Standard Od Co of Tml); C. A.» 30, p' 
•H. Knrh and G. Ibing, Brennatoff-Chem,, 10, 301-808 (1080), (7. 30, 1080; Bnt 
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^Q. H n Davie and A. J. Blackwood, Ind, Sng. Chrm., 23, 1452-1458 (1081). C. A., 25. ID/ 
v^Britiah P. 800,147 (1088) to G. M. Maverirk (to Standard Oil Devriopment O.), C A., 28, Hi*' 
U H P. 1.003,280 (1034) to G M, Mavuiirk (to Standard Oil Devolopment Co.). _ 
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001 (1B83) 
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Abi..9, M* (ink); ObO. F. 1)4, m (IWI) to F. H. MBoT«mi and R. W. Adam, (to Btaiul.ril "" 
Co.); C. A.. 31, tWl. 
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an organic solvent, such as carbon tetrachloride or chloroform, the extract 
being neutralized and the solvent removed. The product thus secured is 
claimed to be two or three times as effective as paraflow prepared by the 
older method. Operating details for the process are described. 

Low temperatures are used in another method.’^® Grozny paraffin 
(m.p. 55°) was chlorinated at 65° to a content of 13 per cent clilorinc. 
To a solution of naphthalene in kerosene the molten chlorinated paraffin 
was gradually added, together with aluminum chloride, and condensation 
was effected in two lioiirs at 5°. The mixture was steam-distilled, and 
the residue was paraflow, having a molecular weight of 900-1000. 

The yield of wax modifiers obtained may be increased by condensing 
halogenated paraffin wax with an aromatic hydrocarbon and aluminum 
chloride at low temperatures, and after the initial stage is substantially 
complete, separating the light er, inactive intermediate reaction products 
so formed from heavier active products, and recondensing the lighter 
l)rodiicts with a Ioav iiiuleculur weight aliphatic poly-halohydrocarbon 
derivative.^® 

As noted elsewhere,* oily or resinous products are secured by reaction 
of poly-halogenated olefins or paraffins with aromatic hydrocarbons in the 
presence of aluminum chloride. When the reaction of a dichloro- paraffin, 
such as ethylene dichloridc, and benzene is effected in the presence of 
oleic acid and the catalyst, pour-point depressors are obtained.’^’^ 

The chlorinated aliphatic hydrocarbon may be the reaction product 
of high molecular weight hydroxy- conijiounds with a halogenating agent 
such as [diosphorus trichloride. The hydroxy- groups of such higher 
alcohols as oleyl alcohol or stcarylene glycol are thus replaced by halo- 
gen, and a chloroparaffin is obtained which, when condeiibcd with cyclic 
or olefinie compounds, yields a substance which improves the tempera- 
ture-viscosity curve of lubricating oils or greases.’^® 

As the (iromatic component, a previously polymerized, unsaturated 
isocyclie compound containing unsaturation in the nucleus may be used. 
Kricdel-Crafts condensation of chlorinated paraffin wax with polymerized 
dihydronaphthalene, for example, gives a product which improves pour- 
point characteristics of lubricating oils.’® 

Clilorinated hydrocarbons may be used as solvents for the reaction. 
Tlius, wax-modifying agents arc obtained by Friedel-Crafta condensa- 
tion at about 90° of halogenated paraffins with aromatic compounds con- 
taining not more than three substituents and/or condensed rings in the 
presence of a solvent w'hich is substantially inert under the reaction con- 
ditions, for example, trichloroethylene, tetraehloroethylene, tetra-, penta-, 
or hexachloroethane, or a polychlorobcnzene.^® 

Jvaiiovii, Nouoflfi Ni/tuanoe Tikh„ No. 7, <4H nU37): C. /I , 32, AIDS. 
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According to Ramayya and Khaiman,*^^ the paraflow secured by react- 
ing a chlorinated wax containing 13-16 per cent chlorine with naphthalene 
is a dialkylated naphthalene in which each of the two side chains con- 
sists of at least 26 carbon atoms. The chlorine atoms of the dichlorinatcd 
paraffin obtained in the halogenation step participate in the condensation 
reaction with naphthalene. The use of a dichlorinated paraffin W'ax For 
the production of a pour-point depressor was later specified by Mac- 
Laren,** who secured dichlorinated wax, containing about 14 per cent 
chlorine, by solvent extraction of chlorinated paraffin wax with petroleum 
naphtha, isopropyl ether, sulfur dioxide, or liquid propane. Frolich 
prepares a pour-point depressor by stepwise alkylation of an aromatic 
hydrocarbon first with a chlorinated wax containing more than 12-15 pur 
cent chlorine, isolating the reaction product, and alkylating it with ii 
chlorinated wax containing not more than 10 per cent clilorinc — probably 
only a mono-chlorinated wax. 

Various methods of isolating the alkylated product have been devised. 
The kerosene and the uncondeiised paraffin can be eliminated hy distilla- 
tion in vacuum or with steam.^ The pour-point depressor may be 
extracted with an organic solvent such as carbon tetrachloride nr chloro- 
form, the extract neutralized, the solvent removed, and tlie im])uritic^ 
removed by washing.'^^ The crude product may be freed from the catiilysl 
by treating at 280-300^ with ammonia, or an anliydroiis halide, sulfate, 
or phosphate of a metal of group II, and separating the granular com- 
pound formed.**® Another way of freeing the lower layer from the 
catalyst consists in warming it with dilute hydrochloric acid and then 
heating at 300-400^ until a homogeneous melt is obtained. The solid 
matter is subsequently removed by dissolving in a solvent, for example, 
benzene or toluene, filtering, and distilling oil the solvent.®'^ 

Purification of the crude w’ax resin obtained by Friedel-Oafts reaction 
of chlorinated wax with an aromatic hydrocarbon may be effected by 
dissolving it in liquefied propane, and heating tlie solution to about 
43-49^, while maintaining the mixture under a pressure sufficient to kce]i 
the propane in liquid form, and separating the purified synthetic w^ax 
resins insoluble in propane at this temperature.®** Amyl or butyl alcohol 
may also be used as the extracting agent.®® The wax resin may also be 
purified by neutralizing the reaction products with an oil having a Say- 
bolt universal viscosity of 100-250 seconds at 38^, heating the mixlurc 
thus formed to about 75-93°, introducing live steam into the mixture 
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until it 13 heated to about 99-105^, then permitting settling, and sepa- 
rating the purified wax resin from undesirable reaction products.*” Alu- 
minuni chloride has birn rlaimerl in be an efferiive refining agent for this 
purpose. The alkylation product is stirred at 80° with water, freed from 
diluent by distillation, dissolved in heavy gasoline, refined by treatment 
at 50° with 2 per cent of aluminum chloride, filtered from solid hydro- 
carbons, and freed from gasoline by distillation.®^ 

Various after-treatments of paraflow have been claimed to improve 
its efficiency. Among these may be cited its halogenation, to the extent 
of from 5 to 20 per cent,”- rosinification with trioxymethylenc,®" or admix- 
ture with Tuontan wax or an ester of niontanic alcohol and montauic 
acid.*^ An improved i)rodiirt may also be obtained by first condensing 
chlorinated waxy hydrocarbons with a chlorinated cyclic hydrocarbon by 
means of aluminum chloride, removing remaining halogen, and producing 
a further condensation by means of a condensing reagent like sodium.®* 
Acylation has been suggested. Thus, chlorinated paraffin wax is condensed 
with an aromatic hydrocarbon in the presence of aluminum chloride, and 
the product is subsequently reeondensed with 0.25-1.0 mole of an acyl 
halide per 250 g of the original condensation product.®® 

The translucence, viscosity, and pour-point depressing effectiveness of 
long-chain alkyl naphthalenes may be improved by subjecting them to 
relatively mild treatment with silent electric discharge.®^ 

The condensation of hnlogenated higher paraffins with polynuclear 
aromatic hydrocarbons in the presence of aluminum chloride and sodium 
chloride or cupric chloride leads to the production of substances which 
impart to lubricating oils a green fluorescence stable to light and oxida- 
tion. Preferably, at least 25 per cent of aluminum chloride and at least 
20 per cent of aromatic hydrocarbon are taken, calculated on the halo- 
paraffin used. If sodium chloride is omitted, the products are likely to 
impart an undesired bluish fluorescence whicli is unstable to light.®® 

Oily condensation products useful for imparting color and fluorescence 
to lubricating oils may be also secured by condensing by means of alumi- 
num chloride an aromatic hydrocarbon such as benzene, toluene, or 
naphthalene with a chlorinated long-chain aliphatic hydrocarbon con- 
taining about 40 per cent chlorine, separating the lower of the two layers 
formed, removing the catalyst from it by heating with dilute hydro- 
chloric acid, and then heating at 300-400° until a homogeneous melt is 
obtained.®® 
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Small amounts of parailow inhibit exrossive growth of crystals.'"** 
When liquid polishing wax is treated with a few per cent of paraflow, 
undesirable crystallization of constituents in the polishing composition i.^ 
prevented.'"' Paraflow is used as a crystallization regulator in dewaxing 
lubricating oils.'"" 

In a tliorough study dealing with the condensation of chlorinated 
paraffin wax with aroinatir hydrocarbons in the presence of aluminum 
chloride or of metallic aluminum as catalyst, it was found that metallic 
aluminum gives better yields than does aluminum chloride and that the 
oil obtained with the former is of a better quality.'"" 

Uses of Phenols. — Phenol or its derivatives condenses with ehlorinatcd 
paraffin wax in the presence of aluminum chloride to yield a product 
which finds use as a pour ])oint depressor for lubricating oils.'"' Various 
after-treatments of the pour-point depressor thus secured have been .sug- 
gested. An improved product is secured by subsetiuent condensation with 
a resinifying agent like hexamethylenetetramine,**'' or esterificd with a 
carboxylic acid derivative, for example, w’ith phthaloyl chloride.*"*’ Con- 
versely, the phenol may first be condensed with a resinifying agent such 
as an aldehyde, anti subswiuently reacted with the chlorowax and alu- 
minum chloride.'"'* 

Acylation. — Products useful us pour-point depressors for lubricating 
oils may be obtained by reacting higher acyl halides with coal-tar fi’uc- 
tions, preferably those boiling above 200", in the presence of alumimnn 
chloride. The addition of 0.1 to 1 per cent of the reaction product ol 
stearoyl chloride and anthracene to lubricating oils improve.^ their vis- 
cosity and reduees the pour-point.*®" 


Auto-condensation of Chlorinated Higher Paraffins to Yield Lubricants 
or Pour-point Depressors 

When chlorinated ])Braffins are treated with aluminum chloride in the 
absence of an aromatic hydrocarbon, rondensation occurs which results m 
production of substances which also serve for improving the i>f>ur proper- 
ties of lubricating oils. Since cither high molecular weight olefins oi 
chlorinated paraffins may be used, it ran be assumed that the aluminum 
chloride-catalyzed condensation of cliloroparaffins for production of pour- 
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point depressors proceeds through intermediate dehydrohalogenationi and 
subsequent polymerization of the resulting olefins.^^ 

In one method^ condensation is brought about by first chlorinating 
paraffin wax and then condensing it in a kerosene medium by means of 
aluminum chloride. The temperature of chlorination is preferably 94 to 
177°; and that of condensation is preferably about 21 to 66°. Condensa- 
tion takes place within about 24 hours.*’” An improved process specifics 
that the condensation be stopped before its normal conclusion; it is 
claimed that valuable inhibiting powers are thus preserved.*®** 

Uniform products are secured if, before condensation, the halogenatcd 
paraffins are separated by fractional distillation, or deposition by cooling. 
Thus, when chlorinated paraffins arc separated by cooling in presence of 
a solvent like acetone, the iiionochloro- product is separated first, then the 
diehloro- product, and subsequently the trichloro- product.**^^ 

The same type of condensation occurs when aliphatic solid or semi- 
solid hydrocarbons having exchangeable substituents other than chlorine 
are treated with aluminum chloride.**- Thus, condensation of high molec- 
ular weight paraffin hydrocarbons may be effected by submitting the 
hydrocarbons to the action of chlorine, oxygen, or sulfur and then treating 
with aluminum chloride.**’* 

Although the material ordinarily used for the preparation of pour- 
point depressors is paraffin wax, alkyl chlorides obtained by treating 
higher alcohols having at least 12 carbon atoms with a halogcnating 
agent, such as thionvl chloride, have been used for this purpose.*^^ 

A recent modification coiiqiri.^cs halogcnating paraffin wax wdth a 
halogcnating agent such as chlorine until it contains 10-60 per cent halo- 
gen while relatively unstable halogenatcd compounds are formed, and 
then condensing the reaction mixture with aluminum chloride just suffi- 
ciently to convert the unstable constituents into stable constituents, with- 
out substantially modifying the relatively stable constituents. The prod- 
ucts thus obtained arc high-pressure lubricants.**® 

Antioxidants for lubricating oils are secured by reacting chlorinated 
paraffin wax and oleic acid with ftluminuiu chloride, reacting the product 
of this reaction with lime, and recovering the antioxidant product by dis- 
tillation from the resulting mixture.**® 

Oily condensation products have been secured by condensing chlori- 
nated aliphatic hydrocarbons of high molerular w^cight in the presence of 
aluminum chloride, then treating the reaction product with the hydroxide 
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or anhydrous sulfate or phosphate of iron, chromium or aluminum at 
250-300”, and separating the oil by decantation or filtration.^''' 

The condensation products secured by treatment of chlorinated wax 
with aluminum chloride may be used in dewaxing lubricating oils. It 
serves to modify the wax crystal structure upon chilling a wax-bcaring 
oil.“« 


^Brrtlili P. WSiTU (IW) In A P T.dwn (to Impenul ninuiral Induatriva) 
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Chapter 20 

Preparation and Manufacture of Anhydrous 
Aluminum Chloride 


In the laboratory, aluininurn chloride is most readily secured by 
passage of chlorine or hydrogen cldnride over heated aluminum filings. 
Due to its importance in the petroleum industry as a cracking, refining, 
and polymerizing agent, niuch work has been done on the commercial 
manufacture of aluminum chloride from bauxite or other aluminiferous 
ores. The process developed by the Gulf Refining ("oinpany at Port 
Arthur, Texas, using bauxite and chlorine, has made available technical 
anhydrous aluminum chloride at eight and a half cents per pound, includ- 
ing drum costs.' In 1938, the total production of crystal and anhydrous 
aluminum chloride in (he United States was 6,240 short tons.- 

Besides aluminum and aluminiferous ores, various compounds of alu- 
minum, such as aluminum sulfate, aluminum ])hosphatc, aluminum nitride, 
or aluminum carbide, have been used for the preparation of aluminum 
chloride. Chlorination has been effected w^ith chlorine, hydrogen chloride, 
metal chlorides, or other chlorine compounds. The discussion that follows 
has, therefore, been subdivided according to the following scheme: 


Metallic aluminum 

Rpaciion with chlonne 
Reaction with hydrogen chloride 
Reaction with other rhiundcs 

Alumina or alum ini feroiiN ore.«* with or without a carbonacpous reducing agent 
Reaction with chlorine 
Reaction with hydrogen chloride 
Reaction with metallic chlorides 

Reaction with sulfur chlorides or a mixture of sulfur and chlorine 
Reaction with carbon monoxide and chlorini* ur with iihiM^genc 
Reaction with mi.'^cellaiieous chlorides 
Carbon tictrachloridc 
Chlorides of phosphorus 
Ammonium chloride 
Silicon tetrachloride 
Aluminum compounds 

Reactions with many of the above-mentioned chlorinating agenta 
Preparation of anhydrous aluininuin chloride by dehydration of AlCU.6HiO^ 
Preparation of anhydrous aluminum chloride by recovery from sludges resulting 
from the treatment of petroleum with aluminum chloride 
Purification of aluminum chloride 


from Oulf nefining Crtmpany. Ausust 1941. Wiuiiiiniftftn 1030 

of Mihci YaarlKxik. p. 688, Government Printing Office, Wuehington, 1V30. 
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A number of good reviewa dealing with the preparation of anhydrouKS 
aluminum chloride are available/'^ 

Especially valuable is Ralston's^ in which information is given con- 
cerning eleven processes, and comment is made on the cost of raw material 
and economic feasibility. 


Preparation of Aluminum Chloride from Metallic Aluminum 

Reaction with Chlorine. — In 1887, Wohler ® reported that when alu- 
minum filings are heated to glowing in gaseous chlorine, combustion occurs 
with formation of sublimed aluminum chloride. The preparation was 
later substantiated by Weber ® and improved by Gustavson/ who gently 
warmed aluminum foil, contained in a hard glass tube, in a currcnl of 
chlorine. The aluminum chloride distilled over into a receiver. 

An efficient laboratory method for preparation of aluminum chloride 
is described by Gomberg.® About 50 g of well washed and dried alu- 
minum filings were placed in an iron receiver and connected with a chlo- 
rine generator. The part of the tube adjacent to the receiver was gently 
heated, and a stream of chlorine was rapidly introduced. The gas attacked 
the cold part of the metal immediately. Since the heat of reaction wiis 
very great, 8 to 10 cm (»f the metal became glowing. Reaction was coin- 
pleted in seventy-five to ninety minutes. The yield of aluminum eliloriile 
was 190-200 g, or about 80 per cent of theoretical. 

Pure anhydrous aluminum chloride, for use in electrolysis, has been 
prepared by chlorination of aluminum filings, containing 99.997 jier cent 
aluminum, with pure chlorine.” 

According to Ralston,*” the heat of the reaction melts flown the finely 
divided aluminum into globules, wdiirh present a minimum of surface t(» 
the reaction. A film of aluminum oxide wdiich forms on the aluminum 
particles or on a bath of molten aluminum chloride also interferes with 
efficient absorption of chlorine. It is, therefore, necessary to force the 
gas through the protective film. This idea is carried out in a patent to 
Brooks,^* who described the preparation of aluminum chloride by pa*''^- 
ing a stream of chlorine through molten aluminum under pressure, or 
with sufficient rapidity to keep the metal agitated. He used a graiilute 
reaction vessel. 

Anhydrous Metallic Chlorides Corporation claims the use of an exter- 
nally heated reaction vessel made of fused silica. One end of the vcssi 
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is outHidc the heating zone and is connected with the chlorine supply; the 
otlier opens into a chamber through whicli aluminum chloride escapes.^^ 

It has been found by Evans that the rate of surface attack of 
aluminum by chlorine at 134-254'' and 100-600 mm pressure is indepen* 
dent of the pressure and has an apparent energy of activation of 2000 g 
cal. Tlie reaction rate docs vary with the temperature as well as with 
the surface conditions of the aluminum. 

Since oxidation of aluminum should be prevented during the process, 
one method for the preparation of aluminum chloride from molten alumi- 
num and chlorine involves not only agitation, but also the addition of 
a carbonaceous material, such as charcoal, which acts as a reducing 
agent.* 

A carbonaceous reducing agent i.'? used in the prei)aration of aluminum 
chloride from pulverulent aluminum dross. Here the carbon reduces the 
alumina which surrounds the small droplets of aluminum metal present 
in the dross. The heat of reaction of chlorine with the metallic aluminum 
also serves to effect the chlorination of the alumina.^® 

The influence of iinf)uritios in aluminum upon the temperature of 
clilorination has been investigated by Koch,*“ who found that the tem- 
pcniturc of volatilization of pure aluminum is reduced by impurities, 
especially by iron and silicon, and that at the same time the volatility of 
aluminum chloride is increased. The impurities also minimized the for- 
mation of a protective film over the molten metal. Warren describes 
the preparation of aluminum chloride by chlorinating a pulverized alloy 
of iron and aluminum. If the alloy is mixed with sodium chloride pre- 
vious to chlorination, a sublimate of aluminum sodium chloride is 
obtained. 

Aluminum seems to 1)C unaffected by liquid chlorine at its boiling 
point, but at —20°, combination occurs, with incandescence.^* The 
preparation of aluminum chloride by reaction of aluminum with liquid 
chlorine has been patented. Thin aluminum scraps are treated with liquid 
chlorine in an iron autoclave which is equipped with a chilled condenser 
for absorbing the heat of reaction. Pressures of 1 to 5 atmospheres and 
temperatures of below 0°, preferably —33°, may be used.*® A modifica- 
tion of the process involves mainlaining a source of chlorine in constant 
communication with the liquid chlorine in the reaction chamber. A flow 
tff chlorine vapors is established between the reaction chamber and a 
second body of liquid chlorine maintained at a higher and constant 
lenipcrature.*® 
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In order to reduce the high heat of reaction, Jacobson and KUpstcin 
first react bromine with scrap aluminum, and then displace the bromine 
witli chlorine. Since bromination occurs at temperatures of 150-200°, 
less resistant materials of construction may be used than are necessary 
for chlorination of metallic aluminum. A small amount of bromine suf- 
fices to initiate the reaction, the bromine attacking the aluminum and 
being repeatedly replaced by the chlorine. 

A similar method comprises preliminary treatment of scrap aluminum 
with broraofonn to form a complex organic compound containing bromine 
and aluminum, subsequent decomi)ositiun of the comjilcx, suitably hy 
vacuum and heat, to yield activated aluminum, and final chlurinaticin of 
the decomposed matcrial.^^ 

Aluminum chloride, to be used fur refining hydrocarbon oils, may be 
prepared by suspending aluminum particles in the oil which is to be 
treated, and passing chlorine intu tlic suspension 

Reaction with Hydrogen Chloride. — The reaction of aluminum with 
hydrogen chloride affords a method for the preparation of aluminum 
chloride which, due to the low heat of reaction, docs nut require tlic 
special apparatus which is necessary when halugenation is effected witli 
chlorine. The method has been much used.-^ 

Gattermann recommends the method for preparing aluminum clilu- 
ride for use in Fricdcl-Crafts syntheses. The apparatus con.sists of n 
wide-mouthed buttle fitted with a two-holcd cork stopper. A combus- 
tion tube is inserted in one hole, and a vent- tube from the buttle is 
inserted through the other hole. The other end of the combustion tube 
is connected by moans of very short rubber tubes with two wash buttles 
containing concentrated sulfuric acid through which the supply of hydro- 
gen chloride is washed. Aluminum filings arc arranged in the coinbuKtion 
tube to a depth equal to one-third of its diameter. The end of the layer 
which is to be heated must not be mure than 8 cm from the receiving 
bottle. The cork is protected from heat by means of asbestos. The 
tube is laid in a combustion chamber and hydrogen chloride is passed 
in until air is expelled. The whole length of the tube is then slowly 
heated. As reaction becomes established, the stream of hydrogen chlo- 
rklo is increased and stronger heating is used. Heating and passage of 
hydrogen chloride arc continued until all but a small amount of the luctal 
is volatilised. Caution should be taken to prevent choking of the appa- 
ratus by the volatilised aluminum chloride. 
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According to Escalcs,*® during the reaction of hydrogen chloride with 
aluminum, it is unnecessary to heat the aluminum throughout the reac- 
tion, since the action, when once started, is carried on by heat of reaction. 
He prepares aluininiun chloride by pacing a stream of dry hydrogen 
chloride into a tubulated ball-jar in which a large glass dish is placed, 
having in the center a glass tripod supporting a plate of asbestos upon 
which is placed about 20 g of aluminum filings. Hydrogen chloride is 
then passed in and tlie action initiated by pouring in, through the open- 
ing in the bell-jar, a small quantity of strongly heated aluminum on the 
asbestos plate. The action then continue^ until all the aluminum has 
been converted into chloride. It is collected from the sides of the jar and 
from the glass dish in about 70-75 per cent yield. 

An ai)pnratua for preparing an active grade of aluminum chloride is 
described by Dawson.^’ It consists of a “Pyrex" tube, l 3 ont and shaped 
like a funnel at one end a.^ to connect it lightly to a jar with an outlet 
for the hydrogen formed. Ahimimim i< jdaced in the tube, and the latter 
is surrounded by an electric furnace. After the air has been blown out of 
the system by a rapid strc*ain of hydrogen, and the tube has been heated 
to 250"^*, hydrogen chloride gas is passed over the aluminum and the 
aluminum chloride is collected at the bottom of the jar. The reaction 
proceeds best in a rapid stream of hydrogen chloride at a dull red heat. 

An alloy of copper and Liluniinum has been used to pre])are aluminum 
chloride, hydrogen chloride exirncting the aluminum without attacking 
the copper. Alloys containing 15 to 40 i)cr cent of aluminum arc pow- 
tlered, mixed with pow^dered charcoal in order to prevent fusion of the 
remaining copjier, and i)ut into a graphite retort. When they are just 
below a red Jieat, hydrogen chloride is passed through.®* Alloys of alu- 
minum with tin or manganese .similarly yield aluminum chloride when 
treated at 200-300” with hydrogen chloride.®® 

The [f)re])aratioii of aluminum chloride for Fricdel-Crafts reactions 
may be effected in Thus the reaction of aluminum with hydrogen 

chloride has been carried out in the presence of aluminum chloride in 
media capable of Fricdel-Crafts synthesis.*® 

Conversion of aluminum to aluminum chloride may also be effected 
by suspending the finely divided metal in mineral oils wdiirh are to be 
refined with aluminum chloride, and then treating the suspension with 
hydrogen chloride.®^ 

Reaction with Other Chlorides. — Aluminum chloride may be prepared 
by heating aluminum with chlorides of other metals. Excess of alumi- 
JiUm heated with lead chloride, cuprous chloride, or silver chloride readily 
yields aluminum chloride,*® Mercuric chloride vapor reacts energetically 
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with aluminam, with separation of mercury and formation of aluminum 
chloride.** 

A highly active aluminum chloride has been prepared by hcatinK 
nearly to boiling 5 g of aluminum powder, 1 g of mercuric chloride, and 
OA g of iodine in 100 cc of benzene, and passing in dry hydrogen chloride 
with stirring. The product is ready to use when evolution of hydrogen 
ceases.** I^e preparation of aluminum chloride by heating alumin\iin 
with lead or zinc chloride, or with other ehlorides of a metal having less 
affinity for chlorine than aluminum, is rovered by several patents.*® 
Weaver** claims the preparation of aluminum chloride by reaction 
of silicon chloride with aluminum. Silicon chloride is fed into and ne:ii- 
tlie bottom of a bath of molten aluminum so that the chloride will rise 
in the aluminum. Reaction takes pluc‘e with liberation of clement jd 
silicon and formation of aluminum chloride. 

The chlorine compounds of phosphorus, arsenic, antimony, and sulfur 
in vapor form react energetically with powclcred aluminum.®^ 

According to Sudborough,** nitrosyl chloride reacts strongly with 
aluminum in the cold, with evolution of nitrous gases. In the presence of 
an excess of nitrosyl ehloride, a syrupy liquid is formed, from which 
aluminum chloride separates as a dark yellow precipitate. 

Carbon tetrachloride may be used to chlorinate aluminum. At 180 , 
aluminmn decomposes carbon tetrachloride, liberating carbon and form- 
ing hexachlorocthane and aluminum chloride.** 


Reaction of Chlorine with Alumina or Aluminiferous Ores 

In the Absence of a Reducing Agent. — In 1811, Davy ** reported that 
chlorine did not react with alumina even at red heat; according to 
Weber,** the reaction does occur at white heat, with formation of alumi- 
num chloride in good yield. The reaction has been reported by Wamiut 
and Oberhoffer** to begin at 850°; but according to Spitzuin,** chlorina- 
tion is observable at 800°. This investigator noted tlie following loss iii 
weight of 0.73 to 0.79 g of alumina upon jiussing chlorine over it for om- 
hour at a gas velocity of 10 1 per hour; 


temp. (’C.) eOO 800 1000 1200 

low in weight (r) OjO OMUO 0.0083 0JOM2 

Kangro and Jalin,** however, state that the action of chlorine, suffi- 
cient to cause at least 1 per cent of alumina to react per hour, starts at 


■■A. Com, W. Cm. ($). 3. Z» (UT$). 

Boclendorf, /. tHki. 

“ U. B. P. M4LO08 (IW) 


(1928) to N. U. ChrwtonMii, 
Hertbel (to 


3. 228 (187^. 

. Chem., UL 840 (1281), 0. A.. 25, 2008. „ „ « , ay-* fnl 

) to H. I, Mur uid A C. Ilwthri. C. A., 1», OM: V-, 

1, C. A., a. Oil; Cui. P. 06,01 (ini) to U. l>. Pi*)'” o"* * 


Sinelair R^ninf Co.). 

B* P. 1.241,718 (1917) to V. M. Wrav^r, C. 12. 200. 
*>0. M^tigoon. Cfftnpi. rund., U9, 1898 (1900). 

J. BuSborougli. / Chm. 5oc.. 99. 086-004 (1891) 

•E. V. Zoppi. An. Sac. Qmm. Arffentnta, 2, 217-228 (1914) i 

Dnvy, Ann. Ch»sn. PAyf.. 79, 9 (1811). 

« a. Weber, r ^ . 

WaoimC 


/. Chrm, Sac. Ahs , 108 (D 


114 


Dnvy, Ann. Chsm. PAyg.. 79, 9 (1811). 

Weber, Ann., llij^ 081 (1881). 

WannmC and P. Oberhoffei, Arrh. SisanhuttenwCMen, 8, 838 (1920). 

Aplteuin, Zt anora. giigarn. Chem., 119, 887-80 (1980); C. A., 24, 6249. 

Kansro ami B, Jnfiii, Z. onarg. fUtgem. Cham., 210, 828-ttO (19M); C. A., 27, 


1888. 
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1200®, These invcBtigators arc of the opinion that the small loss by 
weight which occurs at 800° does not indicate conversion to aluminum 
chloride. According to Fischer and Ocwchr,'*'' aluminum oxychloride is 
also formed during the reaction. 

In the Presence of a Reducing Agent. — When chlorine is passed over 
a heated mixture of alumina and carbon, the alumina is reduced to alu- 
minum by the carbon present and reaction occurs readily. According to 
Spitzuin,^* reaction in the presence of an excess of carbon proceeds accord- 
ing to the equation: 

2AI,(h 6C + aCL 4AICh + SCO Q, 

with Qi equal to —47 kcal. Fischer and Gew^ehr'^® give the value of Qi 
as —47 kcal, and report that in the pre*^once of less carbon the reaction is 


2AW. ^ 3C f OCL ^ 4AlCh + SCO. + Q, 

with Oa f^qual to -|-77 kcal. Wurster**® has pointed out that since, after 
its initiation, the reaction may be effected commercially without external 
heating, the second equation is the more probable.'*’^ It has been pointed 
out by McAfee,**® however, that carbon monoxide is one of the reaction 
products of the chlorination of briquets containing approximately 82 per 
cent bauxite and 18 per cent carbon. 

Alumina in the presence of carbon begins to react with chlorine at 
about 700° The action of chlorine on a mixture consisting of two 
parts of alumina and one jiart of coal at a gas velocity of 10 1 per hour 
has been reported to give the following results.®® 


temiJ. ("C.) 600 700 800 1000 

% reacird oxide per hour 0.00 0.04 2.08 86.15 


ImprovcKl conversion is secured by powdering the mixture of alumina 
and carbon. Britjuetting aluminiferous material with carbon increases 
the rate of chlorination,®^ the porosity of the briquettes facilitating the 
attack of the chlorine. 

The production of aliiminuin chloride by reaction of chlorine with 
alumina was first described by Oersted and was frequently report^ed 
by other early investigators.®® 

The use of bauxite as the aluminiferous material has been developed 
principally by the Gulf Refining Company wi)o first attempted the com- 
mercial production of aluminum chloride in 1915. In 1929, McAfee ^ 


{Tvxt cont*d. on p. 853) 

*W. Fwoher tod A. Quwnhr, Z. anorg, aUgfm. ChVin., 209, 17-32 C1B32). 

«C. Wunler, Z. ang^w. Chmi., 43, 077-8M n^B30). 

"Uermaik P, 581,400 (1986) to I. Q.; C. .4., ^ 5521. 

“A. M. M«Af«p, Ind. Eng. Chem.. 21, 670-673 (1929). 

•It WiMniit uid P. 01>«rholf(»r, Arch. Efnmhutlmi^»en, 2* ®6 (IW). 

“V. SpiUuin, Z, anorg. altgem. Chrm., 169, 337-86 mni^. c A A. 

*^V, 1. SpiUuin tod 0. M. GWKideva, Z. atwrg. olhtM. Chrm.. 196, 289-311 (1931), C. A., 2S, 
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ANHYDSOVB ALUMINUM CHLORfDE 


Table 42. Treatment of Alumina or Aluminoua Ore or Clay with 
Carbonaoeoua Material and CSilorino 


RMTiion 

Batitito + mulMeiMi. Mphalt, or p«trot(nim rnU 
due, rhlorinatod at 

AlimUiB ookad with luolMBtf in revclving ohafii^ 
bar hmtod to 7M-800*, treated wi^ prehaati^ 
ehlorine. 


nahydrated bauxite heated with earhcut in an 
daotrio funmor to yield aluminum earliide; 
then chtorination. 

Bauxite + coal, coke, or aaphalt* heated to rokiny 
tmiperature on a ooaveyerp removed from mn- 
veyer; then chlorinated. 

Bautiie + eartKmanaoua material ; ahnuitaniMiiM 
eoking and purifying by heat mg amj rhlurinat- 
ing at a relatively low tempera turn ; eubeeriuent 
ehlorination at higlier tmiperature. 


Bauxite + C ia placed in reaction chamber no 
that mizlure is denser at the walls of chamber 
than at other points; halogenaiion with mix- 
tum of ehlorine and air at 600'7M‘. 

Fine-grained mixture of bauxite and earhon pro- 
jeeted by a jet of Cl oontamiiig wane O 
and N. 

Alurainap bauxite, or clay + roal ; preliininarv 
chlorination at below 850“ ; then at about 800“. 

Bauxite or rlay + C; prellminao' rhlorinahon at 
800-450“ ; then at 000*. 

ChlorinatMin of a mixture of alumina + carbon 
in tuepenaiun. 

Alumina + carbon ; chlorine preheatwl by paming 
over Ignited C. 


Alumina 4 excces of C is posed through a retort 
ami oontactfd with G ; hot gaMw reeultiiig 
from rxceee of C need to heat retort. 


Bauxite or day with C and Cl are heated in an 
dectric furnace having a locally heated tone. 


Feeding a prdicated mixture of Andy powderwl 
alumuia and C together with preheated chlo- 
rine through a heated reaction ehamber. 

Bauxite with coke okl urinated in counter-current. 


Finely divided mixture of eoke and bauxite 
pawed downwardly Minst an aeemding cur- 
rent of Gl. 0, and K. 

Mixture of oxides of Al, Fe, and Mg coked wHh 
raleined carbon bU^, chlorinated at 7M-M(F. 


Alumina 4 tar is heated to form briquetteB which 
are then chlorinated. 


Ghlorine p aw ed througli alumina mixed with 
peat or sawdust. 

Alumina 4 sawdust, peat, or coke, coked to form 
briqneUea; cblonnatlon temperature malataiiied 
by beat of reaetUin. 

Chtoriaathm of bauxite in presence of aeti« 
vated C. 


Reference 

i\ S. P. 1.817,471 (1817) to A. M. MpAfw, 
/ C. A., 11. 1588. 

U. S. F. lM».aS9 (1189) to W. F. Downs, 
F.C.A.-B. 488 (1989). 


r. 9. P. 1.870,188 (1918) to D. F. Amltli t.ii.1 
II. Kiuwx, C. A., U, 1890. 


TT 8. P. 1,508.451 (1984) to O. W. Giuv anil 
F. W. Hall, C. A., 18. 8887. 


r. 8. P. 1,000,810 (1920) to R. J. D««irh.)iii 
('. A.. 20, 3542; V. H. P. 1, 005,098 (l!)2ej 
ti> K. J. l>iMJbuni, (7. A., 31. 100: (Tan F 
257.758 (1080) to R. H. McHpc, C7. A., 30. 

2394 

U. H. P. 1,090.090 (1928) tii A M MrATf*' 
sntl G. I. Robivts (to Gulf Rpfining Co 
r. A , 23, 487. 


U. R P. 1.887.072 (1082) (o A. M. MrAfin- 
if> Gulf Refining ^ ), C. A., 20, 5181. 


Japanm* P, 100,733 (1835) to Mitsui Kubdii 
K. K.. C. A., 39. 4910 

r. fl. P. 1.147,832 (1915) to F. vnn KugrlgL-n 
anil G. U. Howard, C. A., f, 2572. 

Can. P 222,815 (1923) Ui G. H. King niiil 
G. I. Rtibcrts, C. A.. 10, 4022. 

Can. 222.317 (1923) to L. 8. Abbott. C A , 
to. 4022; U. a P. 1,308,885 (1910) to I. H 
Ablwtt, C. A., 13. 2202. 

r. R. P. 1,019.022 (1927) lo F. W Hull, 
C, A., 21. 1310; Can. P. 359,218 (1928) ti. 
G. W. Ciray, C. A., 20. 8842; ('lui P 
259,219 (1926) to G. W. Gray and F W 
11^1, r. A., 20. 3548. 

r. H. P. 1.752.080 (1930) tn W. R. Aiiitiii 
anil J. N. Rniitli (to Fiirlev G. Clnrk), 
r. A., 34, 2554. 

r. a P. 1.808,015 (1918) lo Q. il. Kiiih and 
Ci. 1. Roberto, C. A.. 12, 1917. 


V. B. P. 1,508,181 (1910) to G. L. Purhiml 
and H. Henderson, C. A., 30, 049. 

IJ. fl. P. 1,888,480 (1911) to A. M. MiAfiT 
, to Gull Refloing Co.), C. A., 20. 1072. 


K, Yamamoto, H. Ishikawa, and K. Marhula. 
J. 8oe. Chimi. Ind. /opaa. 19, Buppl. biml- 
/ ing 318-814 (1990), C. A., 31. 527. 


N. N. Voronin and 1. S. GalinksT. /. C/i^w 
/nd. fMoseowL 7, 143-140 (1980); C. Z. 
liiD IT. rn. r. a.. 28 . 4005. 


French P. 680,180 (1937) to I. 0., C. A.. 23. 

344. 


German P. 581,400 (1980) to 1. O.. C. A.. 25, 
5581. 


U. H. P. 1A09.005 (1984) to H. 

A., II, 1087; u. B. p. imgj 

A.' itr McAfee, C. A., i 

857,752 (1080) to R. McKee. C. A., 2U, 


Cbm P. 888M (19») to A. M. MoAf.N-, 

Z. Am 11, 1081. 


FMjr aivjded bauxite ie eohed with ooel and 
ehloitaaied. 
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Table 42f—(CotUin'ued) 


RcMtion 

Biiuntc + C M treated with a mixture of Cl and 
reiuniMl samw froin AlCli eondenafn or oUipt 
gsBea oontainiug u oxide of C. and then 
triwted until Ci. 

Alumina aidi ie contacted with water; liquid la 
removed; and the alummoua material coked 
with an aaplialtic aubetaniso; aubeequent treat- 
ment with chlorine. 

Powdered aluminum ore m coked with acid eludiee 
fruin oil leAning and then chlorinated. 


Cliloriiiaiion of Iwuxite mixed with euft roal, 
pileh, nr acid aludgc. 

PulvcriBed alunima and ruieh' divided C and Cl 
injeeted into a oombuetiun and reariinii chani- 
bw. 

Aluiimuii and Cl, fed intn revcilvmK, e\ter 
nallv heatod, fuiied silica rrurtum clianilMn 

r«so nf vertical shaft fumoce on roiinter-i urreiit 
pnnnple fur prcHluctiun of AlCli from alumina 
C, anil a. 

InteiaeiioD of alumina. C, and Cl m n leaetion 
zone of special apparntun; condensatiiin of 
fomierl AlCl:i in a rondenAiiix xone, zouea 
niHintanied under siieli pressurp that AlCMa ir 
obtained as liquid in the oondensini; /one. 

Cl and O diluterl with air is passed tliniUKh ii 
pervious ohaiRe of Dliuiiiiinus msieiial and ciii- 
bon at a temperature siifhcient in form vaporn 
of AlCl.. 

Chlorine and oxygen is pnsM*<l through pervinun 
charge of alumina ami caibon at n iraipera- 
ture Budlcieiit to form vapors of AlCIi 

Aluiiiina, C, and A1 treatisd at M*’ with C'l, 
heat general ed bv reaction nf Al with Cl 
effects reduction of almnuia aith C. 


Almnina + carlMUiacenus matnial t small niiiouiit 
molten Alj the AlOa vanuri formwl fiom CI 
and Al supply heat for furl her reactions. 

Coke Containing Al^ w treated m a vertieal 
retort with upflowing Clg and U in aiiiount 
Ruffirinnt to mamtAin the reaction temperature 

Al ore and highly porous rrdung mHleriul aic 
tronUid With diluted chloruiating agent to rc> 
uiovp 8 of tlie ore. 

Alumina and carbon healod in a etrraiii nf Cl 
(w in a static atmosphere of Cl yields AlCU 
C, null 00|l iemperaturD at which reaction 
htaiM decreased with mcreased proportion 
of C. 

Heat of reaction caloulatod for foniintion of 
AlClj from amorphous oarbon and chlorine at 
HNP; the reaction producing GO was consid- 
ered to be principal reaction. 

Vapore of petroleum + chlorine are distilled into 
retort oontalnhig alumina hftited to redness. 

Hot glumiha treated m retort with hvdrocuitmn 
vapor*; material then treated with Cl. 

Hydrogen and largo etcees of chlonne posaeil 
0^ hot mixture of alumina and carbon; heat 
yftiaetom brtween H and d effacta sublima- 
tKMk of the metal oUoride. 


Reference 

U 8 F. 1.57B,0fi2 (1926) to A. M. McAfee, 
. C. A., 20, 1005. 


U. R. P 1,005.006 (1032) to M. M. Holm 
(U» Btandard OU Co. of Csl.). C. A., X, 


Can P. 270J64 (1027) to F. W. Hall, C. A., 
21, 3428; U. S. P. 1,540,760 (1025) to F W., 
HhH. C. a., 19. 3587; tf. Russian P. 81.424 
(1033) to M. E Monrlenov and A. M. 
Moniwsun, C. A , X, 2856. 

V R P. 1.503,648 (1024) to F. W. Hall, 
r A, 16, 3948. 

U iS P. 1,366,BX (1921) to C. M. Alexander, 
C. A., 15, 1D5D. 


VHP 1,862,298 (1932) to B. E. Carl, 
C. A , X, 4139. 

GcrniRn P 525, IM (1927) tn J. Brixle and 
C Wurster (to I. G.), (7. A., 25, 4865. 

U S P 2,048,987 (1930) to Gulf Oil Corp.. 
C A , X, 6517. 


I H P 2,084,200 (1037) to A. M. McAfee 
(to Gulf Dll Corp.). 


ISP. 3,084, X9 (1937) to A. M. McAfee 
anil J. A. Tryon (to Gulf Oil Corp.). 

Blit P 103,975 (1920) to Aluminum Co., 
r. A, 16. 144; Can. P 216,244 (1922) to 
F C Frarv, C. A., 16, 1491; U. S. P. 
1,354,818 and French P. 534,889 to Alumi- 
num Co 

British F. 843.785 (1930) to Imperial Chem- 
ical Industries, Ltd., and J. W. Pritchard, 
C A , X, 4868 

U R P 1.887,566 (1932) to W. H. Shifflir 
and W. P. Anderson (to Standard Oil Co. 
of Cahfninia.); R.C.A.-B, 828 (1088). 

Au^l^lan P 114,181 (lOX) to 1. G.; C. Z , 
19X /, 1517. 

N M Rtovn snil C Constnatmesou, Can. 
J RetMtarrh. 14B, 3X-X5 (lOX); C. A. 
31, 00. 


W I) Treadwell and L. Terebmi, Hefo. 
C/irm. Area, 15, 1058-1006 (1X2), C. A., 
27, 057. 

H. N. Warren, Chem. Nvwa, 55, IM (1887). 

U K P. 1,718,068 (1X2) to H. 1. Lea and 
C W. Humphrey, C. A., 28, 8546. 

Omnan P. 455.260 (1034) to Ver. f. Chem. 
Mettaluig. Production, B.C.A.*B» 8X (101 
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Table 42.^(Coniinued) 


Umoiiofi 

Alugaiaa (heBtcd at ifliOO-2000^ ki rmder it on- 
ijydro08>, mtxvd with C and then treatiKl with 
€3; CX) ia formad by exothamiic reBOtion ol 
C with the AidOk. 

Flnodttoer f urnaoe for heatiiig AICIm etillfl. 

Apfiafatiw for nianufacturn of AlCla fronx alu- 
mina, C, and Cl ootnpriacM a retort oonneeted 
to Cl produoeTi and a furnace for heating the 
retort, 

Apimtua fur manufacture of AlQi from alu- 
juinat coke, and Cl eoewpriaea a retort havina 
an fiutlet for spent material which ia scaled 
with aali. 

Retort for manufacture of Alda is lined with a 
mUture of clay and alkali-metal siliealo. 


Kaiural double silicates containing alumina are 
admixed with reducing agenUi nt elevatcil tem- 
perature in an atmoaphera of Cl. 

Clay and reducing agent + Cl yields AlCla und 
HSCli^ 

Al silicate makeris] 4* nil-ahsle or low grade c<wl 
fint heated to distil hydroearhons and residue 
is heated with Cl. 

Al ore oontaining Si oompound are eliInrinatiMl io 
yield vapors of AltfCU and SiCl^; AluCU vapors 
are condoniMd first. 

day + cna] is clilnrinatcd ant] vapors led into a 
fused Atdk-NaCl mass which alistracta AlOn 
and iron chloride. 

Ka<din + coal chlorinated in a kiln subilividMl 
by balHas; downward muvraiumf of the innss; 
upper SfsTtlon mixture is heated Ui about 850” : 
chlorination in lower section. 

A] silicates arc treated witli a gasecHis chlorinat- 
ing agent containing H. 

Hot caleioed clay is introduced into chlorinating 
furnace; heated in a stream of air for 15 min- 
utes to burn the C to CO, and then chlorinated 
for B-IO hoiuw. 

Kadirn is pretreated with warm Hd or HNO.i 
previous to chlorination. 


Briquettes of clay, cx>fce, and tar are heated at 
4M* to remove volatile material and then 
treated with 4:1 da-air at 900” ; Fe content 
of clay may be eliminated by treating in a 
stmm of Hd at BOO”. 


Kaolin + 9% of Nad or Nii.B«Ot chlorinated at 

« 0 *. 

day + tar briquettes ore chlorinated at OOO” ; 

45% of d is used to chlorinate AlaOn; 
adoHiiia of alkali chlorides does not improve 
yields; chlorination products of 6i. Fe, and Ti 
also foiined. 

Jtoduetion of hi presenoe of chlorine and 


first freed from Fe by heating in current 
Hd gas at '400-B^; chlorination of alu- 
nabia wtlhd bc^^ MO”; addition of Sid 4 
to d euppraMea chlorinatkkn of SiO|. 

/iUktr materials edntaining alumina and silicic 
aiisiii railed with brown coal, briquetted, heated 
ta m-BOO« and d and 8iCl«. 


eontaiohia is chlorinated to yidd 


Reference 

y. 8. P. 1,575,115 (mi) to M. Shodd, C. A., 
15i 2700, 


U. a. P. 1,440.557 (1023) to Q. H. White, 
y. A., 17, 1182. 

U. 8. P. 1.512,410 (1024) to O. W. Gray. 
C. A., If, 155. 


U. 8. P. 1,4118.652 (1023) to F. W. Hall, 
r. A., 17, 3908; H. B. P. 1,530,403 (1025) to 
F. W. Hall, C, A., 19, 1618. 

IT, B. P. 1,017.606 (1027) to E. R. W^ilroU, 
t\ A., 21, 1109; Can. P. 270,351 (1027) to 
E. R. Wolcott, C. A.. 21, 3428. 

Genoan P. 267.870 (1013) to R. van der Tan>- 
deii, C. A., 8, 1401. 


Gcmian P. 309,4.54 (1024) to IVwh'it Co., 
C. Z., 1924 II. 1732. 

Cun. P. 217,051 (1922) to E. R. Wolnitt, 

C. A., 15, 1839. 

Csn. P. 270,352 (1027) to E. R. Wiilroll, 

C. A., 21, 3425; 17. K. P. 1.533,535 (1027) to 
K. It. Wolnitl, C. A., 21, 2763. 

Guminn P. 528,053 (1035) to Consul idirli" 
Alknli-werke, C. A., 30, 6144. 


Russian P. 31,426 (1933) to A. P. KhiiKui, 
€. A., 28, 2856. 


French P. 655,563 (1030) to O. M. HenHijLios 
and T. A. Thomsen, C. A.« 25, 070. 

1. E. Adadurnv, /. Chvm. Ind. (Mosenw), 6, 
1527-1530 (1020); C. A., 24, 5041. 


F. P. Fedoteev and A. A. Tscliisbik, Tram. 
State Inst. Appl. Chem., U.8.8.H., No. 20, 
60-08 (1034), a.C.A.-B, 848 (1035). 

A. Karsorowski, Prgemjfet Chem., 20, 221- 
228 (1030), a.C.A.-B, 641 (1987). 


Ya. E. B^erovicli, /. C/tem. Ind. (Mu§tow), 
No. 16, 02-04 (1084); C. A.. 29, 1213. 

N. N. Voronin and I, 8. Gatinkcr, /. Chtm. 
Ind. (Moiteow), t, 143-149 (1930); C. Z.. 
1130 II. 783; C. A., 25, 4606. 


Q^man P. 397.673 (19M) to Gulf Rcfiniikg 
^ Co., C. Z., 1924 U, 1860. 

V. I. Spitevin and 0. M. GvDsdeva, Z. anorn- 
' cm. Chem., 198, 189-311 (1081); C. A.. 




V. 8. P. 1.IM.ni (ini) to K. stub (tj 
I. Q.), C. A , », ¥00', Bril F. Wi,l!7'l 
(im) to I. O., C. A., al, 47»i OennsD V. 
M.ni (inS) to 1. 0., c. A; M, 4tH. 

F. F. BadaOtov wd M. 1. UfOetiA. Cf^- 
zt0.. », tu-m (tm)t c. A., u, nn. 
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Table 42 — (Ctynclvded) 


Reaction 

Chlunno ia paMoil into a inixturr of nuMhcHl 
rooka or olay and oarbfio; rhlorJdM iif Al, Hi, 
and Fe are nbtained. 

Fotiiaaluin aluminum ailioate + only ennuirh C 
and Cl to aiinvort fUe K and the Al uf llie 
doubla aUioate to ohloiidea. The SiOa rnnaina 
piactirally undecnmpnaod. 

Minprala rich in plaaiorlasea of the Inbradoriti*- 
anorthoaite aeriM are hreteil to 600-1000" with 
a amall amount of 0 and nt the t>nmo time 
aupplied with Cl oi HCl gna 

CurhonarPotiR nhaln ia himiiHl HiifTinentlv to rfferf 
dcatrurliVB Uiatilhilinn anil imidue la trnifct*ii 
with Cl. 


Refprenre 

JapanrtH* P. 101,016 (1036) to K. Kitaoka, 
C\ A., 28, 0186. 

German P 280,000 (lOU) to Siemena and 
HalHke, Akt.-QcB.; C. A., 10, 2622. 


TI. H. P 1,302.852 (1010) to O Revner and 
V. M GohlRTliniidt, C. A„ 13, 1007. 


r 8 P. 1.506.104 (1024) to K R. Wnlrott. 
r A , U, 8257. 


cIcHpribed the proccstj wliich lias been developed. A survey of the develop- 
ments in the commercial preparation of aluminum chloride from bauxite^ 
clay and other aluminiferous ores, admixed with various carbonaceous 
materials is given in the subsequent pages. r 

Reaction of Alumina or Altuniniferous Ores with Hydrogen Chloride 

Although chlorination of alumina may be efferted by treatment with 
hydrogen chloride, the reaction requires much higher temperatures than 
does halogcnation w'ith chlorine. At 1200°, for one hour with a hydrogen 
chloride gas velocity of 11,5 liters per hour the loss by weight of 0.8-1.0 g 
of alumina is only 0.054 g. The sublimed product, due to hydrolysis, is a 
mixture of alumina and aluminum chloride. Reaction is incomplete, since 
an equilibrium between water vapor, anhydrous chloride, oxide, and 
hydrogen chloride is set up or approached. The action of hydrogen 
chloride on alumina wuh studied by variation of the vapor pressure of 
the ga.scs at over 1000°, and the reartion was found to proceed according 
to the equation 

Ah()« + OHCl 2Aini + 3n/) - 68 pal. 

The reaction in the presence of carbon was noted in 1855 by Deville,®"^ 
who noted that although hydrogen chloride may be used to chlorinate a 
mixture of alumina and carbon, very liigh temperatures are necessary. 
According to Spitsuin,**’’’ carbon has no effect on the temperature at which 
reaction sets in; but it docs accelerate the reaction in that it unites with 
the oxygen or water produced by the main reaction, and thus prevents 
equilibrium from being set up. At 800° for one hour at a hydrogen chlo- 
ride velocity of 11.5 liters per hour, 2.06 per cent of the alumina is 
affected; at 1000°, the conversion is 35 per cent. In treatment of kaolin 
earth or argillaceous earth coal mixtures, the raw material must first be 
freed of iron by heating in a current of liydrogen chloride at 400-900° ; 

**V. Bpitiuin, Z. anor^. nllgan. Chrm., U8, 387-M6 (IBSO); T. A,, 24, 524U, 

W, Finolier anil R. Qewohr, X. onorg. aUgrni Vhem., 209, 17-82 (1IKI2), P. A., 27, 457, 
Samte-Claire Devilli*, Ami. r/iiin. p/iy*. (S), 43, 28 (1855). 
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for the chlorination of the alumina in the ore with hydrogen chloride, 
briquetting and an excess of carbon are advantageous.''^ 

The following references rite the use of hydrogen rhloride for chlori- 
nation of alumina or aluminiferous ores: 


day ifl heated with atnmg hydroohlorio acid to produce ad aqueoue 
Mdution ol aluminum ohlonde oontauung chlondm nf other midala 
Evaporation yidda hydrated aluminum rhloride cryntala and alu- 
minum onde. 

The mother liquor from a aunilar prooeas la uaed for waahmg thr 
oryatallme precipitatp and to abaorb hydragm diloride gaa from thr 
oaloinatioD of the hydrated aluminum ohlonde produced 


A eontaiiipr for the treatment of elay with hydroohlorio acid la 
doieribed together with the procedure uaed to produce in a amglc 
paaa, a rlrar finiahed liQuor of aluminum chloride corrMponding to 
110-180 g aluminum oxide per liter 

Finely ground reeiduce from coal mining, aohiata alaga kaolina and 
ailiceoua bauxitea are treated aith hydmgra cliliiridr ga^ undir prra- 
Bure to produce aluminum dilonde 

The production of hydrated aluminum chloride aa an intermeihate in 
the preparation of alumina le attained bv treating clav, argillaLeoua 
alate. nr bauxite with hydrogen chloride Tlie ehlondea are precipi- 
tated from Bolution by adding the hydrogen rhlmidL goaea produrnd 
from the aubaequent calcination proceaa 

Aluminum oxide la heated to rednem in a tubular Barthimware retort 
Petroleum vapor aaturated with hydrogen rhloride gaa la Ird tluough 
the retort to produce anhydroua aluniinum ohlonde which la coii- 
denaed finm the exit gaaea 

Hot bauxite ui treated with a mixture of hydrogen chloride and naph- 
thalene gaeea to evolve anhydroua alummum chloride 


Bauxite or aliuute reaidue iv tieated with hydros chloride gaa in the 
pneaence of rarbon at a temperature ahovr 12100^ to yield anhydroua 
aluminum ohloride 


Brit P 180 104 (1018) to 
R Welford, C A , U, 
211 


Bnt P 209JM18 (1022) to 

ChcmiHohe Fabrik (3rie- 
aheiin-Klektron, C A , 
18, 1087 

Cun P 284 708 (1028) tn 

O Jnnoa, K Wegei anil 
G Irebitcn (to 1 Q ) 
C A . 23, 038 

french F 782 360 (1033) to 
L Frehng and J Dor 
ren. (* A . 29, 7026 

Bnt P 217,568 (1923) to 

Hogatiaa - Billeshohno 
Aktiebulug, C A , 19, 
883 


H N Warren f7iciri 
JVni y 55, 102 / CAeni 
.Soc Abi , 52, 702 (1887) 

A Faiire Cnmpi rmrJ 
107, 339-340 (1888) J 
Chrm Hnc A hit 54, 
12M (1888) 

U gr P 1,098 288 (1929) In 
C a Miner C A , 23, 
1223 


A two-atep proeeaa conauita m the prdiminary reiiuotion of the ore 
with carbon in an ripctrir furnace The reduced material la then 
contacted with dry hydrogen chloride at a low red heat to produre 
anliyilroua aluminum chloride 


L Burgeaa, Prana Am 
Rlrctrofhpm Sot 47, 
(preprint) (1025) C A 
19, 1840 


Another two-etep prooeaa mvolvea the heating of clay, bauxite ahale, 
or other aluminum eilioatea with coal or aawduat, thr redured reaidue 
being aubaequentlv treated with a mixture of dry hydrogen rhloride 
and chlorine to yield anhydroua aluminum rhlnntle 

The production of chlorine for a proceu of preparing aluminum chloride 
annilar to the above doaenbed method eon be accompliabed by firat 
treating heated magneaium oxide with hydrogen chloride gaa Air la 
thm oontoeted with tlie magneaium chloride reaultuig to produce free 
chlorine and regenerate the oxide 

Alummum oxide, ooke, nitrogen, and hydrogm ohlonde reart at 1400- 
8000* to produce anhydroua aluminum chloride The ratio of hydrogen 
ehlonde to nitrogen ahould be eix to one 


r S p ] 528 089 (1925) tn 
E K Wolcott, C A 

19, 1476 

IT S P 1 612,686 (1926) tu 
R R Wolcott C A 
21, 630 


U R P 1.875,348 (1932) to 
C G Miner, Bnt Chtvi 
Aba -B, 625 (1983) 


Alumiiu or AlumiiiiferoaB Ores and Metallic Chlorides 

Instead of chlorine, certain anhydrous metallic chlorides may be 
heated with alumina, bauxite, or other aluminous ores to yield aluminum 
chloride. Chlorides of metals which have a lesser affinity for chlorine 
than does aluminum may be used. Although sodium chloride is the cheap- 
est source of chlorine, its volatility detracts from its usefulness for this 
puniose. Only a few instances of its application have been noted. In 
one process, a mixture of coke, sodium chloride, alumina, bauxite, clay 
or slag makes up a blast furnace charge for the manufacture of aluminum 


**V. Rpitnin Md 0 M. Qvowlera, S. tnon attgtm, Chm,, lMi IM-IU <llU)i C A., A SMI 
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chloride. During the reaction, carbonyl chloride is formed, and this 
reacts with the aluminum to yield aluminum chloride.^^ A modification 
of tills method involves calcining clay or aluminum silicate with sodium 
chloride at 1200° to produce aluminum chloride and sodium silicate, and 
the use of free nitrogen to sweep out the volatile aluminum chloride.*’*’ 
This process was later investigated by Hackspill and Salomon,**^ who 
were unable to obtain the results which had been claimed. A somewhat 
more complicated process specifies heating a mixture of calcined clay and 
sodium chloride or potassium chloride in a rotary furnace to bright red- 
ness and passage of arsenous oxide over the mass to form sodium or 
potassium aluminatc, silica, and arsenic trichloride. The aluminate is 
dissolved out with water, and the solution is treated with carbon dioxide 
to precipitate aluminum hydroxide. This is then mixed with coke and, 
if desired, sodium chloride and formed in briquets which arc heated and 
treated with gases containing chlorine, obtained from the arsenic tri- 
rhloride. Aluminum chloride, or the double salt sodium aluminum chlo- 
ride, is formed and distilled.®^ The production of sodium aluminum chlo- 
ride by heating briquets consisting of alumina, sodium chloride, and 
carbon in a stream of chlorine had been previously described.**^ 

The use of calcium chloride as the halogenating component is claimed 
in several patents issued to Booth and Marshall.*’^ Aluminiferous mate- 
rial such as clay, bauxite, or feldspar is mixed with calcium chloride and 
carbon, and the mixture (containing silica) is heated to 1200° or above in 
an electric furnace to form aluminum chloride and calcium silicate. 
Ralston has calculated that for practical operation this process requires 
2.30 kwh of electrical energy to produce 1 pound of aluminum chloride, 
and has indicated that the method merits further investigation. A few 
years later, Mardick***’ claimed that wdicn bauxite is used as the alu- 
minous material, the method affords a means of obtaining not only alumi- 
num chloride, but also calcium carbide. A further modification of this 
process involves the use of carbon dioxide as the carbonaceous material.*’'^ 
Aluminmn-containing materials arc first treated with aluminum chloride 
or hydrogen chloride in an amount insufficient for the formation of alu- 
minum chloride. The product is then heated in an autoclave imder pres- 
sure together with calcium chloride or another alkaline-earth metal 
chloride in the presence of carbon dioxide. The products are aluminum 
chloride and alkaline-earth carbonate. 

In 1889 Faure claimed that the action of ferric chloride on a heated 
mixture of alumina and carbon resulted in volatilization of aluminum 

»IJ. B, P. 1,525,041 (1B25) to C. E. Pmiioiia and S. Peacock, C. A., 19, 1095. 

U. B. P. 1,507,700 (1024) to S. Peacock, C. A.. 10, 8467. 

Uaokapill and 5. Balomon, Chim. e( Ind. apecivU Number, 415C (1026). 
o*Britisli P. 188,848 (1018) to E. E. and P. C. DuU; C. A., 13, 1580, 

P. 10,011 (IBM) to Graf R. de Monteglaa: C. Z.. 1887, 424. 

B. P. 1.808,048-0 (1081), C. A., 10, 818, and Can. P. 281,054-5 (1082), to H. S. Booth and 
G. O. MarKhall. ^ 

■^0. C. Ralfltob, *‘AnhydFoii8 Aluminum ChloridO," Bureau of Mines Tech. Paper 821 (1028). 

B. P. 1,000,800 (llM) to J. R. Mardiok (to Union k C^bon Rasearoh Laboratories), C. A., 
20. 8548; c/. U. B. P. 1,588,080 (1080) to E. R. Wolcott (to The Texas Go.). 

vrRuHuin P. 88,387 (1081) to A. A. Khakin and V. L. Lukaahev. C. A., 21, 3280. 

Qsnnan P. 65,000 (1880) to C. A. Faun. 
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chloride admixed with ferrous chloride; the chlorides of copper, nickel, 
cobalt, antimony, or bismuth were also claimed to be suitable for the 
reaction. More recently, Miner and Baird '* described the production of 
aluminum chloride and the free metal corresponding to the halogenating 
component by heating to over 1000° a mixture of alumina, carbon, and a 
chloride of lead, carbon, iron, or sine. The formed aluminum chloride 
sublimes and the added chloride is reduced to metal. If clay is used 
instead of almnina, a silicido is formed instead of the metal. 

Aluminum chloride may be produced by electrolysing sine cliluridr 
or another metal chloride in contact with carbon and alumina, the nascent 
chlorine acting upon the alumina to yield aluminum chloride, cuntainiug 
possibly a small amount of sine chloride. This impurity is separated by 
resubliming.^" 


f Reaction of Alumina or Aluminiferous Ores with Sulfur Chlorides or a 

Mixture of Sulfur and Chlorine 

Alumina is readily converted into aluminum chloride when lieiileil 
with sulfur monochlorideJ’ More effective is a mixture of chlorine with 
sulfur raonochloride, in that the mixture possesses botli chlorinating anil 
reducing properties and reaction is effected at oomparativcly low tem- 
perature.''- In one method '’® clay is first heated to about 900° to drive 
off water, and sulfur chlorides and chlorine are passed over the inateiial 
at a temperature of 400-450° until substantially all the iron and titanium 
contained is chlorinated and volatilised. The temperature is then raised 
to 700° to effect chlorination of the alumina, and to 750-860° to lialo- 
genate the aluminum silicate. Another process'* involves passage (if 
chlorine containing sulfur monochloride over a heated mixture of almiiina 
or clay with carbon. The first product is a sublimate containing an 
addition product of sulfur monochloride with aluminum chloride; the two 
chlorides are separated by distillation, preferably under reduced pressure. 

Sulfur, instead of carbon, may be used as the reducing material in 
the preparation of aluminum chloride from alumina or aluminum-con- 
taining ores. Hall''® treats powdered alumina with heated sulfur and 
chlorine and obtains aluminum chloride and sulfur dioxide as prudurts 
It is that the reaction is highly exothermic and that it tukt“i 

place at lower temperatures than carbon reduction. Since sulfur chloride 
and al uminum chloride in the presence of chlorine form a double com- 
pound, AlCU SCl*, a substance which is mushy and difficult to handle, 
particular care must be paid to avoid formation of this compound lo 


•U. B P. 1,»W,I« (IIM) to C. a. Minw (to B. Urd), d."*!!' ,Y om 

». IMS' Bnt. P. «l,«» (UM) to C. O Mioo puiU D. Aura, Bnt. Chow. Abi.-B. UM (*•»• 
Frmrh fr. 784,178 (1988) tu V (J. Mimr mirt 1). Itaifil, C. A., 30,^ naani lo 

S. P. 1,348,682 (1920) tu P. Danckwardt, C. A., U, 2209; Bntuih P. 188,848 (1920) 

Soc. M, IW-ISM (Wl). /. ^ Ab.. M (11). Mt (HM) 

IT R p 1 4M021 fl024) to J> Q Stafford, Ho Hr Oardnar, and S. B. Phdlips, C> A>, 13r 2000 

Matignon and F, Bourion, Compt, tend,, 138, 081-088 (1004), Jf (?kcm. Boc. Abi , 88 ( 

P. 1,858,272 (1882) to L. 0. Jwuhjm (to Intennetal <3orp.), C. 
vABritiih P. ITMll (1222) ^ COTaortiuni f. A' 

nm. k P. 1,401588 (1222), C, A*, Ut 8178; U. B. P. 1,408,118 (1M2), C. A., Ili IW— « 

F. Wo Hall. 
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causing every bit of sulfur chloride formed to react in passing through 
the chlorinator.'^® Haglund first treats alumina with such amounts of 
a material containing sulfur that an aluminum sulfide melt is formed. 
This is then chlorinated with chlorine, hydrogen chloride, or chlorides of 
sulfur or phosphorus. The sulfur-containing materials may be sulfides 
of iron, copper, or zinc, or ores containing metal sulfides.''® 

Sulfur or sulfur compounds may be used in connection with carbon- 
aceous material as added reducing agent. Clark claims reaction 
between an alumina-bearing material, a sulfurous material such as sulfur 
dioxide, or carbon disulfide, an excess of carbonaceous material, and 
hydrogen chloride under the influence of heat. 

Mardiek*" reacts chlorine and carbon disulfide with alumina or 
bauxite mixed with lime at a temperature of about 750-1200°. It is 
claimed that the lime combines with the sulfur dioxide produced by the 
action of carbon disulfide on the alumina. 

Reaction of Aluminous Ores or Clay with Carbon Monoxide and Chlorine 

or with Phosgene 

The use of carbon monoxide as the reducing agent in the production 
of aluminum chloride from aluminum ores has been the subject of a num- 
ber of investigations. Wurstcr describes a process involving the use of 
A shaft furnace on the counter-current principle. Carbon monoxide and 
chlorine are fed into the bottom, anhydrous clay or bauxite is fed con- 
tinuously at the top, and a residue high in silica is removed continuously 
from the bottom. Aluminum chloride and carbon dioxide leave the top, 
passing to cooled cylinders having discharge device.^. No external heat- 
ing of the furnace is necessary. At first the contents arc heated to about 
500^ by producer gas, then cold carbon monoxide and chlorine are blown 
in. The heat of chlorination is suflBcicnt to maintain the internal tem- 
perature of the furnace at about 900°. When material low in aluminum 
is jjrescnt in the reaction chamber, the temperature drops. To avoid this, 
clilorinc must first be converted to jdiosgcne, and then fed into the 
bottom of the furnace at 500°. The furnace itself is so built that it resists 
corrosion and dissipation of heat, having tight outside jackets of iron 
and a lining of ceramic material stable to chlorine and aluminum chloride 
at high temperatures and insulation of kieselguhr. The process, as cov- 
ered by patents to Brodc and Wurstcr, is applicable to the production of 
aluminum chloride from alumina, aluminum silicate, kaolin, or bauxitc.®- 
Producer gas, or a gas mixture containing carbon monoxide, hydrogen, 

’"O. C. Jlnlutoiij "Anliyflrnun Alijminimi ClilorKie." Burrau of Minoe Trrljniool Paper 321, Waah- 
jnieton, ins, 

'^German P. Sttm (1222) tn T. R. HaffJund, C. A., 25, 2212; Swia» P. 120,214 (1222) to T. R. 
Hmrlund, Bnt. Chrtn. Ah».-B, S12 (11128). 

Swediah P. 00,424 (1920) to T. R. Haslund, C. A.. 20, 2281. 

B. P. 1,851,272 (1232). to C. B. daik (to Omeral Cheniioal C^o.), C. A., 26, 8078. 

•^V, S. P. 1,828,208 (lOlD) to J. R. Manlirk, (7. A., 14, 454. 

"'C. Wunter, Z. angew. Chem., 43, 877 (1230); Chem. Zig., 55, 017 (1081). 

. *»Ckinnan P. 802,844 (1025) to J. Brodc and C. Wuiater (to 1. Q.). C. A.. 24, 2441; U. S. F. 
1.282.124 (1284) to J. Brode and C. Wuratar (to 1. G.), C. A., 29, 561; French P. 646,885 (1027) to 
1- a, C. A., 23p 1208; Swim P. 148,604 (1081) to I. G.. C. Z., 1931 I. 2915. 
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and chlorine may be used.^^* Another modification involves passing the 
carbon monoxide-chlorine mixture over a catalyst which accelerates for- 
mation of i»hosgenr, and then passing the resulting hot gas mixture over 
the aluraina.**^ The supply of carbon monoxide for the process may be 
obtained by having excess carbon in the furnace, and keeping the tem- 
perature high.** 

A two-stage process is described by the Niagara Smelting Corpora- 
tion.*® AVlien the aIuminou<^ mineral contains both alumina and aluminum 
silicate, preliminary treatment with carbon monoxide and chlorine vola- 
tilizes the alumina and iron present; and aluminum silicate left as residue' 
is then treated with chlorine in presence of carbon. Here carbon monoxide 
is generated and is recovered for use in the first step of the process. 

It has been found that the best temperature for the chlorination ol 
alumina silicate with carbon monoxide and chlorine is 1000-1150°. A 
ehlorinc-rcsistant, vitreous, siliceous material was used to line the reac- 
tion chamber.** 

Aluminum chloride may be readily produced by chlorination of Mos- 
cow coal ash with simultaneous introduction of carbon.*® 

The use of producer gas for conversion of alumina into aluminum 
chloride is specified by King and Roberts.®* Producer gas at a temper- 
ature of above 1000® is mixed with chlorine, and the mixture is brouglit 
into contact with alumina. 

In another process, a mixture of carbon monoxide, oxygen, and chlo- 
rine in the ratio 2:1:1 is used. Bauxite is heated in a rotating furnace 
with the flame produced by the combustion of the gaseous mixture to give 
aluminum chloride and a residue of silicajr 

The production of aluininuiii chloride by reaction of aluminum mate- 
rials with phosgc'iie has been investigated by Budnikov.®^ When a mix- 
ture of bauxite and coal was treatecl with phosgene at 1000°, a 98.3 per 
cent of theoretical yield of aluminum chloride was secured. At 1000® for 
one hour, the best yield from clay, alone, was 35.8 per cent of theoretical 
When coal was also present, however, the yield rose to 98 per cent at 
1000®, and then fell to 56.3 per cent at 800®. Adadurov explains tlii*^ 
decrease in conversion by pointing out that at 800®, the dissociation ol 
phosgene is just beginning and that, conseciucntly, there is much less 

»U. 8, P. 1.809,150 (1091) to J. Brod^ nnd C. Wuratpr (tn 1 O ). (7 M.. 25, 4305, British V 

381.401 (1087) to 1. O., C. i4 . 22, 8407; Gonimn P. 584,712 (1036) to J Brodi> and C WurMli*i (tu 

1. 0.), C. A.. 25, 4885. 

MQennan P. 585,500 (1027) to J Rrodr and C Wiimtcr (In I G ), r >1., 25, 4008. 

■D Ocnnoii P. 527,085 (1038) to J. Brode and C. Wumtfi (tn I G ), C. A , 2S, 5254 

MU. 8. P. 1.875,105 (1033) Ui G. D MufficlRton, P, S. Brallier, H. C. van GUder, and It F. Weber 
(to NiERara Siuritmg Corp.), C. A , 20, 8070. 
np. P.^Budnikov, / Applitd Chpin fV.BaR), 8, 1043-1048 (1388); C. A., 28, 4183 
O' P. P. Budnikov, /nr. rtt P P. Budnikoff, Sproch»aai Ktramik, GIoi, EtnaU-M 185-130; C. Z 
1184 n, 480. ^ ,, 

*P P. Budnikiyv and M. I, Nekuiooh, Chem. Ind. Hum., 0, No. 13, 14-15 (1982^; C. Z, 
1194 I, Idol. 

P. 388410 (1088) to G. H. King and Q. I. BoWtii, C. A., 18, 4083; U. 8. P 1,808.080 (lOl'*^ 
ta O. H. King and G. 1. Rob«^. C. A., U, 2282 
Mp. p. Budnikov. Z. ong 0 w. Qhcm., 37, 100-101 (1024), G. A.. 18, 3058. 

K. Adadurov, /. Chem. tnd (Monew), 5, 1388-1302 (1080); C. A.. 23, 8808, 
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nascent chlorine present than at 1000°. The role of carbon in the reaction 
was explained by assuming the reaction 

AIjiO. + acoct, 2A1CL, -f 3COa 

to be reversible, some of the aluminum chloride formed being converted 
to alumina by the carbon dioxide present. In the presence of coal, how- 
ever, the carbon dioxide is reduced to the monoxide by the carbon; con- 
version of aluminum chloride into alumina is thus prevented. Adadurov 
found that the reaction proceeded most efficiently when charcoal and clay 
were cemented with crude oil into porous briquets which absorb chlorine. 
The presence of 5-10 j)cr cent of potassium chloride was reported to cata- 
lyze the reaction; an improved yield was obtained, and a lowering of 
operating temperatures was made possible. 

According to Treadwell and Tercbesi,"'* the rate of chlorination of 
alumina with carbon monoxide depends upon the form of alumina which 
is used. Above 800°, the reaction with y-alumina is proportional to time; 
at lower temperatures, however, the reaction is autorat aly tic, possibly 
because of the formation of a layer of active carbon on the alumina. At 
650°, y-alumina is tran.sformed into the less active a-alumina. At this 
point, therefore, the rate of chlorination is at a minimum. It is maximum 
at 550°. Chlorination with i)hosgene was shown to be more rapid than 
with mixtures of carbon monoxide and chlorine, the maximum lying 
within the range of existence of phosgene. The rate of chlorination falls 
at higher temperatures and approaches that of carbon monoxide and car- 
bon at 700° 

Much work has been done on the utilization of waste products 
obtained by the manufacture of aluminum chloride by treatment of clay 
with chlorine and carbon monoxide.®^ 

Reaction of Alumina or Aluminiferous Ores and Miscellaneous Chlorides 

When carbon tetrachloride is i)iissed over alumina, even below red 
heat, it attacks it to yield aluminum chloride, the reaction proceeding 
with formation also of phosgene, carbon dioxide, hexachloroctliane,®** 
carbon monoxide, and chlorine.®^ The reaction has been effected by 
placing an open vessel holding the powdered oxide in a glass tube, driving 
out the air with a carbon tetrachloride vapor, and then gradually heating 
the tube while carbon tetrachloride is passed through the tube. At 390°, 
carbon tetrachloride converts alumina completely into aluminum chlo- 
ride.®® Naturally occurring oxides, if finely divided, arc transformed into 
chlorides in the same manner as is alumina. The extent of action on 


••W. D. Trixfidwi'll anil L. Tprebcai. Ilrlv. C/i?fii. 15, 1353-1862 (1B32); C. 27, 1^. 
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anhydrous silicates is in inverse ratio to the silica content; from bauxite 
containing 3 per cent silica, a definite amount was removed as silicon 
chloride.** 

Phosphoryl chloride attacks alumina at 100° and at ordinary Ivin- 
perature, but the rate of reaction is slow.*** When feldspar is heated with 
phosphoryl chloride and phosgene at 600°, aluminum chloride is foruied, 
together with potassium chloride, silica, and pliosphorus pentoxido. At 
white heat, phosphorus pcntachloride converts alumina partially into alu- 
minum chloride, and partially into aluminum phosphate.^*^ 

Finely divided alumina, mixed with ammonium chloride and heated to 
glowing is partially volatilized as the chloride.'*^ Boron trichloride attark« 
alumina at high temperatures to yield aluminum chloride and nluminuin 
borate. Porcelain is similarly attacked, with formation of ahiininuiii 
chloride, silicon tetrachloride, aluminum borate, and an aluminum-alkali 
double chloride. Aluminum chloride is also produced by reaction of sili- 
con tetrachloride at the same temperatures with amorphous or crystalline 
alumina, but not with aluminum silicate or porcclain.^*^ At red heat 
silicon tetrachloride and alumina yield aluminum rhloride and erystiilliiie 
silica, together with a small amount of silicate."*' 

Converaion of Various Aluminum Compounds to Aluminum Chloride 

Although the great majority of laboratory and technicnl preparations 
of aluminum chloride involve halogcnation of cither metallic aluminum 
or aluminiferous ores, various aluminum salts, carbides, nitrides, and sih- 
cidcs have been used. As in syntheses effected with aluminum or its ore.s, 
the halogenating component may be chlorine, hydrogen chloride, or metal 
chlorides. These methods are summarized: 
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Recovery of Aluminum Chloride from Hydrocarbon Sludges 

Various means have been devised for recovery of aluminum chloride 
from sludges formed in the treatment of petroleum oils with aluminum 
chloride. The coky residues may be roasted with limited access of air to 
form aluminum oxide which is electrolyzed to yield aluminum J”® The 

F. 2824108 (1082) to A. M. MnAfiv, C. A., i6, 4068; U. S. P. 1.206.874 (1016) to A. M 
AfoAfee, C. A„ II, 800. 
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catalyst may also be leached out with water and heated to produce hydro- 
gen chloride and aluminum oxidc.^^'^ Another method involves treatment 
with steam.^*’’^ Dilute hydrogen chloride has l>een used for dissolving out 
the aluminum chlorides.'**** The residue may also be treated with a vola- 
tile organic solvent such as alcohol or carbon tetrachloride; removal of the 
solvent leaves the aluminum chloride revivified.'®® 

Other methods deal with the volatilization of aluminum chloride by 
heating the residues to about 510-960°."® The volatilization may bo 
effected in a rotating furnace or in a stationary drum provided with an 
internal rotary camshaft."^ Heating of the aluminum chloride residues 
may also be effected by passing them through a heated zone,"® Hot 
vaporous products from oil-refining materials or residues or other gaseous 
mixtures containing aluminum chloride vapors may be led through a 
tubular heat-radiating chamber, while the interior walls of the latter arc 
scoured by chains to prevent accumulation of solid chloride on them.'" 

The volatilization has also been effected by impinging the residual mix- 
ture, while still in fluid condition, against a revolving disk or other sur- 
face heated to a temperature sufficient to volatilize the aliiminuTii chlo- 
ride."® 

Treatment of petroleum-coke residues containing aluminum chloride 
with a stream of hot chlorine or hydrogen chloride leads to volatilization 
of the catalyst and reformation of aluminum chloride."® Addition of 
chlorine or hydrogen chloride subsequent to a pre-hcating of the sludge 
has been claimed to be advantageous."'' In this way both residual hydro- 
carbons and the aluminum chloride may be recovered. Sludge or cokc- 
like residues arc centrifuged and burned or treated with gasoline to 
remove the oil which they carry, then treated with sufficient water to 
hydrate the aluminum chloride and form a concentrated solution. Thi*^ 
is heated until decomposed into alumina and hydrogen chloride; the alu- 
mina is mixed with raw cokc-like residue, and the mixture is acted on 
with hydrogen chloride at a low red heat."® 
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VolatilizEitioii uf the aluminum chloride may be effected by heating 
the sludge on the surface of a hot liquid such as molten lead.^^" Or, the 
sludge may be injected into a bath of the molten lead, and the liberated 
aluminum chloride eondensed.^^'^ Instead of molten lead, a bath of 
molten petroleum wax distillate may be used.^-^ 

The occluded aluminum chloride in ])0troleum coke may be liberated 
by oxidizing the carbon to the gaseous state. During this treatment the 
aluminum chloride is converted to aluminum oxide and chlorine by the 
oxygen present and by the high temperature used. Upon further heating 
in a reducing atmosphere, the oxide and the chlorine are recombined to 
produce aluminum cliloride.^^- Substantially the same procedure involves 
heating oil sludges with access uf air and with ignition of the oil vapors 
evolved to effect removal of oil, in wdiolc nr in part. Continued heating 
in the absence of air effects distillation and recovery of the aluminum 
chloridc.^^® 

Several processes deal specifically with recovery of not only aluminum 
chloride, but also hydrocarbon material from sludges. AVhen spent resi- 
dues containing aluminum chloride are boiled with oil, the evolved vapors 
may be cooled to condense aluminum ehluride and a high-boiling oil.^-^ 
A green bloom agent has been extracted from the decomposition products 
of an aluminum chloride sludge formed by heating aluminum cliloride 
with petroleum oil.^^® 

Aluminum chloride is liberated from hydrocarbon sludges by subject- 
ing them to simultaneous cracking and hydrogenation. At the same 
time, lighter saturated hydrocarbons arc obtained.^-*" 

A method for the production of zine chloride involves heating a mix- 
ture of zinc oxide with petroleum coke containing aluminum chloride. 
Zinc chloride is formed and vaporized.^-^^ 

A number of patents deal specifically with the condensation of the 
vapors resulting from the volatilization. The vapors may bo transmitted 
laterally iuto a body of cold gases in slow upward movement,^-** or a 
water-cooled rotating cylinder may be positioned above the surface of 
the material undergoing distillation, thus serving to condense the heavy 
oil and metal chloride vapors.^^® 


Preparation of Anhydrous Aluminum Chloride by Dehydration of 
Aluminum Chloride Solutions 

According to Ralston, because of the excessive water of hydration, 
the preparation of anhydrous aluminum chloride by dehydrating the 
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hydrate, AlCli<6HsO, has never been very successful. Dennis reportb 
that when the hydrate is heated in a stream of hydrogen chloride, the 
basic salt, but n^ anhydrous aliuuinum chloride, is obtained. Hulin '■‘- 
elaims that the anhydrous compound is obtained by spreading out tiie 
hydrated chloride on the hearth of a furnace made of suitable refraotorie!> 
and heated by a burning mixture of equal parts of hydrogen and dry 
chlorine. In another metliod, basic chlondes arc heated in a stream ut 
air at 100° to drive off most of the water, and then treated with idiungcue 
or a mixture of carbon monoxide and chlorine.^*^ 

A number of processes deal with the production of anhydrous alumi- 
num chloride from hydrated bauxite, or from aluminiferous ori's which 
previous to halogenation had been treated with aqueous solutions of acith 
for removal of impurities. Here conversion of alumina is first elfertcd, 
subsequent halogenation proceeding in customary manner.''*'' 


Purification of Aluminum Chloride 

In the preparation of aluminum chloride from ulumiiiiferuus ores, 
ferric chloride, silicon tetrachloride and titanium tetraeliloride niiiy Ih 
formed during halogenation. The last two are readily separated because 
their boiling points arc lower than that of aluininuni cliloride. In spue 
of the fact that many of the pracehbe.s which have been ih>seribcd for tin 
preparation of aluminum chloride are directed especially at prevenliiij; 
contamination by ferric chloride, technical aluminum chloride dues mii- 
tain more or lesa of tliis impurity. According to Ralston,'"^ the seiiandioii 
of ferric chloride from aluminum chloride by repeated sublimation is 
practically impossible. However, several methods for subliming alumi- 
num chloride for use in Friedel-Crafts reactions have been described'"’ 

A number of patents deal with purification of aluminum chloride on 
an industrial scale. Most of these are based on conversion of feme chlo- 
ride to metallic iron by heating with a metal which has more affinity fui 
chlorine than does iron. An early patent describes melting aluiiiiiiuiii 
chloride under pressure, or mixing it with sodium chloride and melting 
under atmospheric pressure, and suspending aluminum dust in the fused 
material to reduce the feme chloride jircsent to metallic iron, nhich 
settles out. The purified material is decanted, and aluminum chloride 
present in the remainder is volatilized. More recently Humphrey und 


M. l> 0 iiiiui, Z. WNOra, Chtwi , 9, 340 (1335). 

8. P. l|aot,537 (1310) to P. L. Uulm 

WBritifh P. 130^ (1313); U. 8. P. 1.331,367 (1313) to W, Henp and £. Ni^abery. 
iMBnMb P. UI,aU (ItiT) to H. Wrlfiml, C. .4, 13, (I; SnC SU.IM unl) *» 'I .V.T,;, 
0, A.vt, im; U. B. P. un,ini (im) t« a. PKlmionto, C. A.. 11, 30Mi 0. H. P l,ai«Atp 
to O. L. Pruihud Hid H. UaadiirMin. C. A.. «, Mi Brit F. (UIT) to T It Hnkmih 

C. A.. XL »M; 11. B. P. IMAM (iM) to B. do M. I'avmu ond C. D. 'iViort (to (hr (-• > 

C. A..& UB; Bnt. P. WAM (IM) to S. Svoailaon (to a«y HMiuotloa Co.), C. A . 22. W 

Cut. P, BMa (IdM) to E. C. Morburs, C. A., », IMS; U. H P. 1,M,1U (IW) to A. M bbAl'' 
O. A., », ifio. B. KolanidBr, PntmtJ. CAm., 2^ IH-M (IM), Bnt. Chtm. 

J, BwnwWd and 8. Bntoniwder, PrtftnyA. CAcm , B, Bt-SU (IM), Bnt OAm. 

O. Ralnion, ’‘Aohydroua Aluiniiititii CUortdB," Bureau of Mjimv, Technioal Pap«r 331, 

BpliaMii BiAL^toe. <Am., 1), M-M (IM), C. A.. 17. BH. C. D. N^tHHU Mil «’ 
iHMHw *i3r*M. sMn. BoaMiil*7M. «-H (iBli. C. IBI. M. O. Ba«weU «"1 » " 

SSshllS, OW /. JUMWA, 1, M-4M (IM). C. A.. M. iu. 

aSr^/sTp. 433413 (1313) to Goatiiar. 



PREPARATION AND MANVFACTXJRE 


865 


McKittrick described a similar process and specified for this purpose 
the use of a retort having two chambers^ one of which is heated and the 
other cooled. 

Jacobson and Ralston mix crude aluminum chloride with aluminum 
powder and resublime the aluminum chloride in an aluminum*lined, or 
Vitreosil retort, preferably with mechanical stirring. 

Another method involves fusion of crude aluminum chloride with a 
reducing agent such as aluminum, and separation of the metallic iron 
from the melt by electromagnetic means.'^^ Separation of iron from 
melted aluminum chloride or from a melt of aluminum chloride and alu- 
minum or an alkali chloride may also be effected by passing a direct 
electric current through to electrolyze out iron.^^^ 

Crude aluminum chloride has also been purified by distilling it from 
aluminum turnings in an aluminum vessel, the ferric chloride thus being 
reduced to iron, which remains with the non-volatile impuritics.^^^ 

Henriques and Thomsen purify aluminum chloride by subliming it 
from a bath composed of sodium chloride and aluminum chloride. A 
modification of this process comprises the introduction of chips of alu- 
minum or iron, or passage of reducing gases into the fused mixture of 
sodium chloride and aluminum chloride and subsequent sublimation of 
the purified aluminum chloride.^^*^ 

Reduction of impurities has also been effected by passing aluminum 
chloride or gases containing it at 500° or higher over metallic iron 
waste.^^^ Heating with iron filings may also be effected in a closed appa- 
ratus, the aluminum chloride being deposited in an upper section of 
Deville reports that w^hen crude aluminum chloride is mixed with iron 
filings, and the mixture is melted under pressure, the ferric chloride is 
reduc^ to ferrous chloride which is much less volatile than ferric chloride. 
The resublimed aluminum chloride therefore has a lower iron content 
and is less colored. 

Weaver passes vapors of crude aluminum chloride into a bath of 
molten aluminum, near the bottom of the bath, and leads off the purified 
aluminum chloride vapors. 

Erode claims the production of substantially pure aluminum chlo- 
ride by introduction of a gas mixture carrying aluminum chloride con- 
taminated with iron chloride into molten lead at about 400°. The process 
is claimed to reduce ferric chloride content from 6.5 to O.IG per cent. 


B. P. UUia.4 riMT) to C W. Humphrey uid U- C- McKittnek, C. A„ tU 40M. 
^-Britah prISa" (IQM) to I 3M (IMl)i Preuuh P. OM.IM (IWO), 

P*^SSW”Sorto t2iitnm;'^PoSii*p!^^^ (IMS) <» L. Wreaewdyr, A. Kao.Qrow.ki. and 
A, Wsbw (to CHihh. loBt. Badowosy), C Z., 1939 1. 1823. ^ m 

N. Qntiiuia'kli, Vkraxn. X/icm. Zkur., 9, *3*-4ae (IJjM), C. A.. 30i 
“•Fronoh P, UBM8 C1B80) to O M. llcnnquos Btiil T A. Thonism, C. A , 25, 780. ^ 

foituh P anfl to l' G Vhtin. Aba -B, 893 (1931); Qerman P. 530,893 (1980) to 

S oSi & ro? cfT. » v™. F- <“» •• «■' F- 

a.'kL,- t. a. c, a.. » m 



ANHYDROUS ALUMINUM CHLORIDE 


Here ferrous chloride and lead chloride arc formed during the reaction. 
Both of these compounds are much less volatile than either aluminum 
chloride or ferric chloride. 

When zinc is contacted with liquefied aluminum chloride, iron sepa- 
rates out and zinc chloride is formed, which boils at 732°. Since ferric 
chloride boils at 315°, and aluminum chloride sublimes at 178°, the dif- 
ference in volatility is sufficient to prevent contamination of aluminum 
chloride.*" 

Phosgene, which forms a liquid double compound with aluminum 
chloride, but not with ferric chloride, has been used as a purifying agent. 
The liquid compound is separated from insoluble impurities, and tlic 
aluminum chloride is recovered by heating the liquid compound to about 
60° to effect volatilization of phosgene.*'”' A modification of this process 
specifies treatment with an oxidizing agent such as chlorine during or after 
the phosgene treatment.*"* Preferential absorption of aluminum chloride 
may also be effected by contacting aluminum chloride vapors with a non- 
aqueous liquid such as alcohol, carbon disulfide, or carbon tetrachloride. 
Ferric chloride is less soluble in these liquids than is aluminum chloride.*"' 
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Chapter 21 

Notes on Application of Anhydrous 
Aluminum Chloride 

Storage and Transportation of Anhydrous Al um inum Chloride 

Since anhydrous aluminum chloride is extremely hygroscopic, much 
caution must be observed in handling it. In storage, reaction between 
moisture and aluminum chloride may take place slowly, thus causing the 
surface of the mass of anhydrous aluminum chloride to become glazed 
with a coating of aluminum chloride hydrate, AICIR.6H2O. As some of 
the water of hydration penetrates the still anhydrous salt, reaction occurs, 
w'ith formation of aluminum oxide and hydrogen chloride. After a time 
so much hydrogen chloride may be evolved that the pressure of the gas 
bursts the container. The presence of hydrogen chloride in iron contain- 
ers also results in corrosion. 

Anhydrous aluminum chloride must, therefore, be packed in air-tight 
.sheet-iron drums. Conditions which thus insure the absence of moisture 
])ermit storing or transportation over long periods of time. 

In technical operation, aluminum chloride may be most expediently 
used by employing a totally enclosed screw conveyor from a hopper to 
the reaction vessel. If no conveyor is used, charges of aluminum chloride 
should be prepared in air-tight cans of the proper size. In this way no 
occasion occurs for exposure of the anhydrous product to air.^ 

Particle Size 

Since the activity of a catalyst increases as its surface is increased, 
finely powdered aluminum chloride is more useful in many reactions than 
is coarsely ground or lump aluminum chloride. The use of the finely 
powdered catalyst, however, often results in n rapid reaction which may 
be undesirable in condensations efiected w’ith sensitive materials or with 
very active compounds. For these reactions, lump aluminum chloride 
is more efficient than the powdered grade. In many cases both grades 
of alu minum chloride form, with equal case, a soluble complex with the 
diluent or with one of the reactants. Here, of course, the particle size of 
the aluminum chloride has no effect on the course of the reaction. Neither 
^8 it of importance in reactions effected in a ball mill, as for example in 
phthalic anhydride addition reactions in the absence of diluent. 

Influence of Moisture 

In most reactions catalyzed by aluminum chloride precautions must 
h® made to insure anhydrous conditions of reactants and catalyst. When 
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uamg oompounds such bb acid halides, which are especially sensitive to 
moisture, it is wise to attach a drying tube between the condenser and the 
gas trap to prevent diffusion of moisture. For careful laboratory work 
it is frequently recommended that the reactants be dried with anhydrous 
calcium chloride or over metallic sodium. In some cases materials may 
be dried sufficiently by distillation. Commercial preparations of alumi- 
num chloride, partially decomposed by contamination due to entrance of 
I moisture into containers, may be recognised by the formation of a hard 
crust. The presence of moisture may be further ascertained by heating 
a small sample of the aluminum chloride in a test-tube held horisontally 
over a flame. Only a thoroughly pure, moistureless aluminum chloride 
will sublime totally without residue. 

In spite of the fact that most workers advise complete exclusion of 
moisture in aluminum chloride reactions, the presence of traces of mois- 
ture has been found to accelerate, rather than hinder reaction. This is 
evidenced especially in reactions involving addition to the olefinic double 
bond. Here the use of hydrogen chloride, or of small amounts of water 
(resulting in formation of hydrogen chloride by reaction of anhydrous 
aluminum chloride with water) is sometimes useful in initiating reaction 
The accelerating effect of moisture has likewise been noted in studying 
the cracking of paraffinic hydrocarbons. Small amounts of moisture may 
also facilitate reaction by causing greater solubility of aluminum chloride 
in the diluent, thus providing more efficient contact of catalyst with 
reactants. Whereas dry pentane, in the form of vapor or liquid, under- 
goes little, if any, decomposition in the presence of freshly sublimed alu- 
minum chloride, addition of anhydrous hydrogen bromide, hydrogen chlo- 
ride, water, hydrated aluminum chloride, or alkyl chlorides results in 
immediate reaction.^ 

Undoubtedly water does weaken the catalyst by decomposing it. 
Moreover, it is obvious that in condensations involving reactants, like 
acyl halides, which deteriorate upon exposure to moisture, anhydrou'. 
conditions must be observed. 


The Effect of Impurities: Mixed Catalysts 

The impurity which is most often present in anhydrous aliuniniim 
chloride is ferric chloride. Consequently the effect of this metal halide 
on Friedel-Crafts reactions has been rather extensively investigated. 

In the synthesis of keto-acids, equimolecular mixtures of ferric chlo- 
ride and aluminum chloride have been found to be less active than alu- 
minum chloride alone.” From an extensive investigation of the use of 
mixed FeClj-AlCU catalysts in the Friedel-Crafts reaction, Riddell and 
Noller ' concluded that, with a mixture of aluminum chloride and ferric 
chloride and excess benzene as solvent, two types of reactions are found 


O. Lovell, /. Am. Cham. Boo.. B. 

•W. Gbdiv nd O. a Whilbr. don. /. 2, ll-M (im), C. A.. SI, ««! ef- M ^ 

irall and BTIL MdUnhliD, Can. /. Btmanh, 1, 4M-4M (l»), C. A., 24, 8M. „«2) 

• W. A. Ridddl^ C. n. NdW, /. Am. Cftem. See., SI, 4tM-IIN (IHO)l B, ' 
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(1) TboBe ixi which the decrease is proportional to the amount of 
ferric chloride added (reactions with all carboxylic acid chlorides 
with benzene and of benzene with an excess of carbon tetra- 
chloride) . 

(2) Those in which the yield first decreasedi then rose to a maximum 
at about 50 mole per cent of ferric chloride, and then decreased 
to the yield secured with pure ferric chloride (reactions with all 
acid anhydrides, p-toluenesulfonyl chloride and of carbon tetra- 
chloride with an excess of benzene) . 


Reactions effected in carbon disulfide as diluent all appeared to be of 
the first type. 

In an investigation of the efficiency of technical aluminum chloride 
containing about 1.5 per cent ferric chloride, in the preparation of 
4'-bromo-2-benzoylbenzoic acid, by reaction in an iron ball mill, it was 
found that both technical aluminum chloride and a colorless, screened 
product gave substantially the same yields of the keto-acid.^ 

A mixed catalyst consisting of nine parts of zinc chloride and one part 
of aluminum chloride has been found to give good results in the prepara- 
tion of chloromethyl derivatives by reaction of aromatic hydrocarbons 
with paraformaldehyde and hydrogen chloride.* 

Fused mixtures of sodium chloride with aluminum chloride have been 
found to be highly efficient in dehydrogenating condensations.^ 

The use of various metals as promoters for the aluminum chloride- 
catalyzed isomerization of a-bromonaphthalene to the j9-derivative has 
been found to give increased conversion. Since promoters for aluminum 
chloride reactions are very infrequently used, the results are of interest 


Piunioter 

Antimony 

Molybdenum 

Selemum 

Nickel 

Tungsten 

Chromium 

No promoter 


% Yield of 
Dm onaphthalme 

22.5 

25.0 

16.0 

25.5 

23.5 
14.4 

9.1 


Because many reactions probably take place simultaneously during 
the conversion, the function of the promoter is obscure. The promoter 
niBy retard side reactions, or accelerate the main reaction. 

In a study of the effect of sulfur and halogen compounds of sulfur 
on aluminum chloride-catalyzed chlorination, sulfur was found to have no 
effect on the reaction, whereas the presence of the halogen compounds 
w as shown to have a slight retarding action.* 

a. Groggiiii, A. J. Btirton, and H. P. Ni*wtoD, Ini. Sng. Chem . 23, BU-MB (1091) 

•^e page 644. 

T See page 652. 

E, iwiar and R. H. Claik, Can /. AMcorc/i, 17, 261>358 (1989). 

* See page 613. 



870. 


ANHYDROVS ALUMINUM CHLORIDE 


Recently, Ott has reported activation of aluminum chloride by the 
catalytic influence of the elements of the fourth group of the periodic 
system. 

Purification of Anhydrous Aluminum Chloride 

Anhydrous aluminum cliloride which has been only partially decom- 
posed by moisture may be made fit for use by repeated sublimation. The 
anhydrous salt is white when pure and is thus readily distinguished from 
the technical grade which is ordinarily gray or yellowish to green and 
contains about 1.5 per cent of ferric chloride. This impurity cannot be 
removed from anhydrous aluminum chloride by sublimation. Methods 
for separating ferric chloride usually depend upon reducing it to the Ic^b 
volatile ferrous chloride or to iron. Preferential absorption of aluminum 
chloride in phosgene or a non-aqueous liquid such as alcohol, carbon 
disulfide, or carbon tetrachloride may be used. These methods, ordinarily 
used only on an industrial scale, are described elsewhere.* 

The commercially available reagent grade of anhydrous aluminum 
chloride, containing 0.05 to 0.10 per cent of iron, is sufficiently pure fur 
most purposes. 

Effect of Reaction Conditions 

Influence of Reactant Quantities* — In alkylation of aromatic hydro- 
carbons, the presence of a relatively large amount of hydrocarbon 
respect to quantities of both the alkylating agent and of the catalyst 
favors mono- alkylation. In ketone synthesis, and in preparation of keto- 
acids, however, the reactants may be used in molar quantities, disubsti- 
tution occurring only rarely. 

Aluminum chloride is used in catalytic proportions in alkylation and 
in polymerization, but in the synthesis of ketones, keto-acids, and alde- 
hydes, at least one mole of catalyst with resi>cct to the reactants must be 
used. Whereas the use of more than catalytic percentages of aluminum 
chloride leads to uncontrollable side reactions in alkylation and polymer- 
ization, in many of the other reactions, yields are materially increased, up 
to a certain point, as the proportion of the catalyst is increased. In any 
case, optimum percentage of catalyst for each reaction should be deter- 
mined experimentally in order to avoid charring, resinification, and 
decomposition or further condensation of the reaction products. 

Addition of Reaction Components. — ^Unless aluminum chloride has a 
destructive effect on either or both reactants, the order of addition 
unimportant. In condensations effected with easily decomposed com- 
pounds, such as thiophene or polynuclear hydrocarbons, however, tarring 
occurs if aluminum chloride is added alone to the compound to be sub- 
stituted. Better results are secured by adding slowly a suspension o 
aluminum chloride in a diluent to a mixture of the two reactants. ^ 

M Erwin Ott, Anuew. CiiMn,, H 142-144 (1941); E. Ott uiU W. Bruggw, Z. SUkifWihvw. 
phymh. C/mhu.. ^ 106 <1040). 

* fce page 6S4. 



NOTES ON APPLICATION OP ALUMINUM CHLORIDE B7l 

rale and manner of addition of reactants, in every case, must be regulated 
1*0 that reaction does not become too violent. 

Effect of Temperature, — Temiwraiure has a rleeided infliienee on the 
course of aluminum chloride reactions. 

Reartion with active reactants usually proceeds rapidly, with evolution 
of heat. Rise in temperature to the point at whieh decomposition occurs 
must be prevented. This may be effected by cooling the reaction vessel 
in an ice-bath, by slow addition of the catalyst or reactant to the reaction 
mixture, or by vigorous stirring. With rapidlv reacting substances some 
or all of those precautions are necessary in order to prevent decomposi- 
tion, resinifi cation, and charring. 

On the other hand, synthe.ses with .slowly reacting materials require 
external heating, the temperature necessitated being governed by the 
reaction rate. Tn alkylations, acylations, or most addition reactions, tem- 
]ieratures of over 90° are rarely needed, whereas in dehydrating and 
dehydrogenating condensations, temperatures up to 200° are often used. 
Reactions requiring high teniperatuie« are usually effected in the pres- 
ence of a NaCl-AlCla flux. 

Reaction Time. — Optimum reaction time can be determined only 
experimentally. In most Fricdel-Crafts reactions, condensation is allowed 
to proceed until evolution of hydrogen chloride has ceased. In some 
instances, other devices may be needed for judging completion of the 
reartion. This may be effected by a rapid analysis of the reaction mix- 
ture in order to determine, for example, the amount of unreacted alkyl 
halide, or by measuring the amount of hydrogen chloride evolved and 
comparing it with experimentally derived facts concerning hydrogen chlo- 
ride evolution at the desired stage. In ketone synthesis, also, the end of 
the reaction is not necessarily the point at which hydrogen chloride evo- 
lution ceases. Here self-condensation of the ketonic product mav occur; 
and since this is a dehydrating condensation, the water given off acts on 
the aluminum chloride present to give off hydrogen chloride. 

In most reactions catalyzed by aluminum chloride, yield of the desired 
product is frequently decreased rather than increased by prolonged heat- 
ing or standing of reaction mixtures. Certainly, only with very difficultly 
reacting components is it necessary or advisable to extend the reaction 
time after evolution of hydrogen chloride has ceased. 

Agitation. — Stirring effects a uniform contact of catalyst and reactants 
ftnd thus accelerates the speed of reaction. The rate of stirring should be 
kept quite constant; an abrupt increase may cause sudden frothing or 
refluxing at a dangerous rate. In most ea^es, shorter reaction time, faster 
rate of addition of reactants, and better control of temperature is effected 
i’y vigorous stirring. In reactions in which the catalyst complex is a 
‘'^>lid, the stirrer must be heavy enough to provide for efficient agitation 
of the reaction mass as it thickens. Hydrogen halide must be freed from 
the heavy mass continuously as it is cvolwd, and this can be insured only 

very thorough agitation of the rapidly swelling reaction mixt^ure. 
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Remoyal of Evolyed Hydrogen Halide. — Since Friedel-Crafte reac- 
tions arc reversible, provision should be made for removing hydrogen 
halide as it is evolved. In general laboratory practice this may be effected 
bv simply providing an exit for the gas and working under a hood or 
absorbing the gas in water. A trap is placed between the absorbent and 
the gas outlet to prevent the absorbent from sucking back. When evolu- 
tion of hydrogen chloride is extremely great, efficient removal may be 
effected by connecting the absorption apparatus to a vacuum. The use 
of a vacuum is also advisable with slow reactions; here the rapid removal 
of hydrogen chloride accelerates reaction speed. 

Hydrolysis of the Reaction Complex.— In Friedel-Crafts reactions a 
double compound of aluminum chloride with the reaction product 
usually formed. This must be decomposed in order to remove the alu- 
minum chloride. The stability of the complex as well as that of the 
product regulates the manner of decomposition. 

Complexes resulting from alkylation are best decomposed or hydro- 
lyzed by cooling and adding small amounts of a cold, dilute hydrochlorir 
acid. In large-scale practice, too rapid addition of the hydrolyzing 
medium without sufficient agitation may lead to accumulation of evolved 
hydrogen chloride and heat within the catalyst complex, and tlius to 
disastrous explosion. In ketone synthesis, the catalyst complex may 
become semi-solid or solid at room temperature. Here it is best to effect 
hydrolysis while it is still warm. In laboratory procedure, hydrolysis of 
the catalyst complex is usually effected by pouring the cooled or partially 
cooled reaction mixture into a mixture of ice and hydrochloric acid. 

Recently, it was pointed out • that poor yields in Friedel-Crafts reac- 
tions, traced back to difficulty in hydrolyzing extremely stable catalvftt 
complexes, may be overcome by the use of wetting agents in the ice- 
hydrochloric acid mixture. The wetting agent is claimed to facilitate 
penetration of such very compact reaction masses as those resulting from 
the reaction of diphenyl ether or coumarone with stearoyl chloride. 

Isolation of Product. — Upon clecomposition of the catalyst complex, 
separation of the reaction product may be brought about by one of the 
following procedures; 

(1) The aqueous solution of the aluminum chloride is allowed to 
form the bottom layer in the reaction or hydrolysis vessel, 
solution of the reaction product in the diluent is decanted, and 
the diluent and unreacted material are distilled off. Here dis- 
tillation is stopped when the product begins to distil; on cooling, 
the product is obtained either as a solid mass, or as an uncrystal- 
lizable liquid. 

(2) The diluent and unreacted material may be distilled off direct I v 
from the hydrolysis mixture. In many cases, however, decan- 
tation previous to distillation results in purer products. 

•V. B. P. (tMO) to A. W. HalKtcA onrl a. J. Wftnder Wal (to Annniir Pn) 
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Removal of the diluent and of unreacted material by steam distillation 
or by distillation under reduced pressure often makes fractionation 
unnecessary. If the reaction product is solid at ordinary temperature it 
may be further purified by recrystallization; if liquid, by fractionation. 
Further purification or separation from isomers may be effected through 
preparation of the usual derivatives. Alkylation products are best secured 
in very pure condition as the sulfonates, keto- acids as metal salts, and 
aldehydes or ketones as bisulfites or semicarbazones. 

Diluents and Solvents for Reactions Catalyzed by Aluminum Chloride 

As in most catal3rtic reactions, the use of a diluent or a solvent in 
aluminum chloride condensations is often essential in order to regulate 
temperature, reaction velocity, and uniform contact of the catalyst with 
tlic reactant. In reactions with liquid aromatic hydrocarbons or their 
derivatives, the compound which is to be substituted is generally used 
as diluent. If, however, neither reactant is a liquid at the reaction tem- 
perature, or if the use of one of the reactants is otherwise inadvisable, 
an extraneous, inert diluent is employed. 

Solubility data on aluminum chloride, given elsewhere in this book,* 
indicate the limited solubility of this salt. Friedcl-Crafts reactions are 
generally conducted in carbon disulfide or in excess of the aromatic hydro- 
carbon employed, although the insolubility of aluminum chloride in these 
diluents does not make for securing the maximum catalytic activity. 

The effect of diluents on Friedel-Crafts condensation and the other 
reactions effected by aluminum chloride has been pointed out in the more 
detailed discussions of the individual reactions which are found in this 
book, and only generalities will be brought out here. Reactions which 
are not readily effected demand the presence of a diluent, such as carbon 
disulfide, or benzene. Condensations with benzene or benzene derivatives 
having negative substituents are generally slower than those with phenols, 
phenol ethers, polyalkylatcd benzenes, polynuclear hydrocarbons, thio- 
phene, and furan or other compounds of increased aromaticity. Reaction 
with the highly active compounds generally is effected most smoothly in 
diluents which decrease the catalytic activity of aluminum chloride by 
forming a more or less stable complex with it. 

Thus, the use of nitrobenzene as diluent in the reaction of benzene 
with the highly active benzyl chloride minimizes the reaction velocity, 
thereby avoiding the formation of high molecular weight condensation 
products.^ The mitigating action of nitrobenzene is shown also in the fact 
that acylation of polynuclear hydrocarbons, which are themselves readily 
attacked by aluminum chloride, proceeds much more readily in nitro- 
benzene solution than it does in carbon disulfide.^ Other compounds 
which form complexes with aluminum chloride, such as bromo- or chloro- 
benzene, also retard reaction rate, and have been consequently used as 

See page 24. 
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diluents with rapidly reacting components. The use of ethyl chloride 
a solvent in polymerisation has been claimed to give smoother reaction.''" 

That on many occasions the use of a retarding influence in Friedel- 
Crafts reaction is of utmost importance may be illustrated by the fact 
that nuclear acylation of phenols was not realized until about a quarter 
of a century after the announcement of Fricdel-Crafts reaction of ben- 
zene with acyl halide. In 1877, Friedel and Crafts * had stated that alu- 
minum chloride could not be used as a condensing agent with phenolic 
compounds on account of the reaction of the hydroxy- group with alumi- 
num chloride; and in 1903 their statement had been substantiated by a 
fruitless attempt to secure a keto- acid by reaction of a-naphthol with 
phthalic anhydride in the presence of aluminum chloride in carbon disul- 
fide solution.* The discovery that acylation of phenols could be effected 
if nitrobenzene is used as solvent has made possible numerous Fricdel- 
Crafts reactions involving the s^mthesis of hydroxy- compounds. The 
commercially important synthesis of aroyl keto- acids was not applied 
to phenols imtil 1919, at which time it was found ** that if acetyleiu' 
tetrachloride is used as solvent, the reaction of phthalic anhydride with 
phenols proceeds readily to give excellent yields of the corresponding 
keto- acids. Acetylene tetrachloride is thus another solvent which has 
made an indelible impression on the application of the Friedel-Craft^ 
reaction to phenols. 

In Friedel-Crafts substitutions of highly reactive compounds, a less 
active substance may be used as diluent. Thus benzene, which itsell 
undergoes Friedel-Crafts reactions, is often used as diluent in conden.'^a- 
tions involving the more reactive phenol etliers or polynuclear hydro- 
carbons. Analogously, mono- or dichlorobenzenes, which arc loss reactive 
than benzene, have served as diluents for Friedel-Crafts reactions wutli 
benzene. 


Comparison of Aluminum Chloride with Similarly Reacting Catalysts 

The researches of Friedel and Crafts showed that reaction between 
chlorinated aliphatic compounds and aromatic hydrocarbons took place 
in the presence of aluminum chloride, aluminum bromide, or aluminum 
iodide. Zinc chloride or ferric chloride had a similar effect, but they were 
weaker catalysts for the reaction. The chlorides of magnesium, cobalt, 
copper, mercury, and antimony wxre reported to be without effect." 
Later they found that for condensation of the rapidly reacting benzyl 
chloride with benzene, the chlorides of zinc, the two chlorides of iron, ami 
that of cobalt behaved similarly to aluminum chloride, but that the 
action was nut so energetic. Zirconium chloride, on the other hand, ga\c 
results which were as good as those secured with aluminum chloride. 


*• U. a P. s, MS, Ht (IMl) to W. J. S|wrl(i bihI 1>. C. Fieta, 

uhI J. M. Ormtta, Compt. rmd., M, I4M (11177). 

• 0. OdShlw and C. WeuDiHB. Ser., M, MT-MO (IMH). 
wp. ud W. Sofaoiidl, Str., $i, MW-llH (l*l»). 
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Although this book deals with aliiininum chloride, the most coutinoDly 
used Friedel-Crafta type catalyst, a coinparison of aluminum chloride 
with other catalysts is of intcTchl. Thus, Grosso and Ipatieff “ found 
that the efficiency of various mctul halide catalysis for the alkylation of 
benxcnc with ethylene w'as as follows: 


OffitBlyst 

Bed. 

BF. 

Aid, 

TiCU 

ZrCl4 

CbCl. 

Tad, 


Trtnp ("C ) 
200 
25 
75 
170 
100 
75 
75 


Moles of ethvlme converted 
ppi mnlp of ratalvRt 

50 

35 

75 

5 

90 

25 

60 


Calloway indicates tha^ the order of activity of rnetal chlorides in 
Friedel-Crafts reactions is as follows: 


AlCl. 

FeCla 

Znd. 

Suds 
J TiCh 
I ZrCU 

Calloway bases his conclusions on observations as reported for many 
types of condensations. 

Unfortunately data of this nature are not available for all the reac- 
tions catalyzed by aluminum chloride. Also it must be borne in mind 
that, whereas a mild catalyst may be inefficient for some Friedel-Crafts 
reactions, it may be especially suitable for condensations in which one or 
both of the reactants are highly active. Acylation of thiophene, for 
example, is best effected in the presence of catalysts which are less active 
than is aluminum chloride. 

A summary of some reported uses of the more important 'Triedel- 
Crafts*^ type catalysts follows: 

Other Aluminum Halides. — Aluminum bromide is a more active cata- 
lyst than aluminum chloride. Whereas the chloride is substantially 
insoluble in hydrocarbons, aluminum bromide is quite soluble. This dif- 
ference in solubility accounts for the fact that in physicochemical studies 
of Friedel-Crafts reactions, aluminum bromide is necessarily used as 
catalyst. It has been used for almost all the type reactions which are 
catalyzed by aluminum chloride; in some of the more easily effected con- 
densations, however, aluminum chloride is preferred as a less drastic 

catalyst. 

Although Friedel and Crafts indicated that aluminum iodide may be 
substituted for aluminum chloride, little is known of the comparative 
activity of the two halides. 


“ A. V. OrwM and V. N. iMtieff. /. Or^. Chtm., 1, M9-Ma (1M7). 
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Aluminum fluoride has been found to be inactive for the acetylation 
of bensene or anisole,^*' and it does not catalyse the polymerization of 
cyclopentadiene.^^ 

Ferric Chloride. — In 1897, Nencki pointed out that ferric chlorido, 
being a milder catalyst than aluminum chloride, was applicable to syn- 
theses in which aluminum chloride was too drastic. The use of fcrrir 
chloride in the synthesis of diphenylmethane, benzophenone, or aceto- 
phenone has been found to result in yields which were usually about half 
of those obtained when aluminum chloride was used,'^ although pre- 
viously it had been reported that the action of ferric chloride in Frierlcl- 
Crafts ketone synthesis is precisely similar to that of aluminum chloride 
Ferric chloride has been found to be a much poorer catalyst than alu- 
minum chloride in the preparation of o-benzoylbenzoic acid. It does not 
catalyze the alkylation of benzene with ethylene.^^ 

Antimony Chlorides. — ^Friedel and Crafts reported that the chlonrh*^ 
of antimony did not catalyze Friedel-Crafts reactions. It was later found, 
however, that antimony pentachloride may be used in acylations Anti- 
mony trichloride may be used in the ketone synthesis and in the rend inn 
of benzene with benzoyl chloride, but is slower and usually requires a 
higher temperature than docs aluminum chloride.^^ 

Zinc Halides. — Zinc chloride was used by Friedel and Crafts for llie 
reaction of benzyl chloride with benzene, but Wertyporoch and hi'3 en- 
workers^ did not find it to catalyze this reaction or that of chloroform 
with benzene. It has been used in the reaction of allyl chloride with 
benzene to yield a mixture of chloropropylbenzene and propenylbeiizene,^^ 
Gts well as for polymerization and isomerization of hydrocarbons.^® 
Zinc fluoride has been investigated by Calloway,®^ who found it to be 
a good catalyst for the reaction of fer^-butyl chloride with anisole. Tln^ 
reaction, in which both reactants are very active, requires only a feehle 
catalyst 

Stannic Chloride. — The mild catalytic activity of stannic chloride has 
been utilized in the acylation of thiophene, which is more reactive than 
benzene in Friedel-Crafts reactions.^® The halide is also useful in acylat- 
ing or alkylating benzene derivatives having activating substituents, but 
is not active enough to catalyze satisfactorily Friedel-Crafts reaction^ 
with aromatic hydrocarbons that require more drastic conditions-® h 
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■W. Galley and G. 6 Whitby, Con J. BeMettnh, 2, 81-84 (1080); C. A., M, 2183 

nW. J. CoDutoek, Am. Chnn. lA 647-588 (1890); /. C/im. Bor. Abt , 70 (1). 013 (HOiD 

••B. N. Manahutkin, J Rum. PhjfM Soe , 45, 1710-1788 (1013); C. A , 3, 910 (1014) 

*B. Wartyporoob, I. Kowalaki, and A. Roeako, Ear.. 06, 1882-1288 (1383). 

D. Nanitaaseu and D. A. laaceaeu. Err., iO, 1100-1108 (1088). v . 

vR. E. &irk. H. E. Thompaon, A. J. Waiih, and I. Williama, "Polymoriiation," P 
York. Rainhold Ptiblialiiiig Corp., 1037. . i 

4*D. Petrov and M. A. CbelLaova, Compt rend* aead. aet. (U.B.8.R.), 15, 79-84 (1037) ' 

^*^0. Callmy, /. Am. Chem. Bor., 59, 1471-1479 (1887). 

•i Yn. L. C3Pldfarb, /. Ruaa. Fhv9.-Chem. Boc*, 0^ 1078-1088 (1080); (7. A . 25, 2710. 
iOO. Stadnikoff and A. Barywibawa, Ear.. 61, IMO-IOOO (1088). 



NOTES ON APPLICATION OF ALUMINUM CHLORIDE 


877 


catalyees Friedel-Crafts reactions with furan Since tin tetrachloride 
is very soluble in most organic solvents and can be easily removed from 
solution it is valuable as a polymerizing agent.^^ 

Titanium Chloride. — ^Titanium chloride is a more feeble catalyst for 
Friedel-Crafts reactions than is aluminum chloride. It catalyzes the 
easily activated reaction of thiophene with benzyl chloride; that of ben- 
zene with benzyl chloride, however, is less readily effected by this cata- 
lyst. It does not catalyze the reaction of benzoyl chloride with benzene.^^ 
It is only a very feeble catalyst for the reaction of ethylene with benzene.*® 
Titanium chloride has been claimed as catalyst for the polymerization of 
isobutene and of vinylacetylene.®® 

Zirconium Tetrachloride. — The good results obtained by substituting 
zirconium chloride for aluminum chloride had been noted by Friedel and 
eVafts. More recently, it has been observed®® that zirconium tetra- 
I'hloride may be used in place of aluminum chloride in condensations 
involving 


(aj elimination of hydrogen chloride (preparation of acetophenone, 
benzophenone, aiiisaldchyde, and diphenylmethane) ; 

(b) elimination of water (preparation of phenolphthalein) ; 

(c) elimination of alkyl halide (demethylation of anisole) ; 

(d) condensations of phenyl carbamide with benzene and its deriv- 
atives. 


Zirconium chloride was found to be easily handled and more readily pre- 
served than aluminum chloride. 

It has been pointed out that zirconium tetrachloride is more active 
than aluminum chloride for the alkylation of benzene with ethylene. 

Beryllium Chloride. — ^Because of the position of beryllium in the 
Periodic Table, beryllium chloride has not generally been considered as 
a Friedel-Crafts type catalyst. Lately, however, it has been found that 
this halide catalyzes many of the reactions effected by aluminum chlo- 
ride, but that higher temperatures and longer time are required for con- 
version. In some cases better yields and less resinification are secured 
with beryllium chloride than with aluminum chloride.®’^ Grosse and 
Ipatieff ®® have found beryllium chloride to be less eflBcient than alumi- 
num chloride in the alkylation of benzene with ethylene. 

Boron Trifluoride. — The use of boron trifluoride as a catalyst for the 
alkylation of phenols and phenol ethers with propylene®® and for the 


J“H. Gilman and N. 0. CSdlowayp /. Am. Chem. Soc., 5S, 4197-4^ ^ v v 

-,“■‘11. A. Bnuon and H. StaudiiM. Ind. Sng, CW, IS, 8B1-B® (1W6). R B. BiiA, H. B. 
TJioinpBon, A. J. Weith, and I. WUliaiMp "Polymuriiatiwi.” p. 78, New York, Rdnhold Publiihing 
1087. 

Stadnikov and L. 1. Knshianov, J. Rwt. Phy$.-Chmn. Swj., 60| 1117-1122 (1928); C. A., 

W, 2170. 

“A V. Orgaa ud V. N. Ipsliisfl, /. Onr. Chrm., I, 65B-MB (1»37). 
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alkylation of aalioychc acid with propylene ■* has been reported to givr 
good results. A very broad patent covers the use of boron halides, instead 
of aluminum chloride for all Friedel-Crafts reactions, cracking, and addi- 
tion of hydrogen halides to olefins**^ Boron fluoride complexes with alco- 
hols and acid anhydrides have bera shown to be effective agents for 
Friedel-Crafts condensations.^^ Boron trifluoride is most used as a 
polymerixing agent; it has made possible the formation of solid polymeric 
products from olefins.* Boron trifluoride is a more drastic catalyst for 
Friedel-Crafts reactions than is aluminum chloride, and for this resboii 
is little used for this purpose. 

Hydrogen Fluoride. — In the last few years it has been found that 
hydrogen fluoride is unusually effective for alkylation of benzene with 
olefins or alkyl halides,^' and of cyclopropane and benzene to yield 
n-propylbenzene.*^ It likewise promotes alkylation in the aliphatic series, 
as is evidenced in the reaction of tert-butyl chloride with both trimethyl- 
ethylene and cyclohexenc. Like aluminum chloride, it acts ns a dehy- 
drating agent in the alkylation of benzene with ter t-butyl alcohol.*' 
Hydrogen fluoride effects the eyclization of many arylalkyl acids to 
ketones of the a-hydrindone, a-tetralone, and anthrone types, in yields 
which are as good as those secured by eyclization of the acid chlorides 
with aluminum chloride.*" Its great efiiciency is also apparent in tlic 
ready acylation of acenaphthene with acetic or benzoic acid. Hydrogen 
fluoride, however, does not effect the reaction of phthalic anhydride with 
benzene, or a condensation of benzoic acid with benzene, the addition of 
naphthalene to succinic anhydride, or a Fries rearrangement of hydro- 
quinone monobenzoate. Aromatic hydrocarbons which, like acenaphthene, 
contain an alicyclic side ring seem to be unusually amenable to acylation 
with free acids, acid anhydrides, or acid chlorides in the presence of 
hydrogen fluoride. Acylation of perinaphthane, and hydrindene takes 
place with this catalyst at room temperature, but acylation of naphtha- 
lene and pbenanthrene in the presence of hydrogen fluoride can be arcom- 
plisbed only in a pressure bomb at somewhat higher temperatures.*" The 
use of hydrogen fluoride in reactions ordinarily catalyzed by alumiiiuin 
chloride has been recently summarized by Simons.*^ 


■ W. J. Cnoall, F. J. Sowi, ud J. A. Nimwland, /. Am. Chtm. Soe., M, *•*■**•/*!?}' /mri, 
••Bntiib F. W7,a(S (108) to F. Hflffmtnii uid C. WulS; Mini u Oonian F. BlI.tM (IKhJ 
C. A., M. m. 

«H. Mevwam. Bor., it, 411-414 (180). 

*8ee n—o 7W 

oj. H. anoM utd a Anhir. J. Am. Ohm Soe.. th, 888-887. SSlS-tSU, OU-OM (180)- 
• J. H. Somai, S. Anhw, and E. Adami, /. dm. Ohm. Soe., 48, 

**J. B. StaDsw, a AntMTi and H. J. Fainno, J. Am. Ohm. 8oc., 88, 1858^7 (1888). 

4*L. F. Fmmt nnd B. B. HmSImic, I. Am. Chtm. Soe., 81, 1871-1881 (180). 

*•!* F, Tmmt and B. B. Bwihbm J. Am. Chm. Sec., 0, 48-M (1810), , 

mj.k SimoM, ltd. Bng. Ohm., B, ITS-IM (IMS); aw aloo J. 

Chtm. Sac., 4 108-1884 (INO): J. H. Simona nnd H. J. Fbnmo, tbtd., 82, 18M (1840). 


Am 



Patent Index 


Auntrian PaimU 

Poga 

Britieh Pati^ita 

Payp 

in, IN 


251,476 

8l8 

114,181 


28MB1 

958 

114,281 


282,412 

755 

163.506 


282.629 




280,358 

414, 423 

HntiHh PatviitH 


286,688 

.’342 

3,152 

597 

288,726 

774 

4.789 

2. 725, 525, 855 

287.179 

162, 186 

7,112 


288,171 

Oil 

10,011 

865 

288,441 

453 

14,954 

588 

288,884 

628 

17 838 

886 

288,985 


17,839 

838 

289,585 

285 

22,244 

846, 847 

293,703 

699 

22,222 

886 

204,550 


22,928 

BBI 

295.227 

864 

42,11B 

877 

295.990 

465 

100,790 

860 

296,781 

671, .572 

118,312 

864 

297.129 

657 

119,751 

835 

297,133 

657 

123,243 

855 

297,515 


130,164 

854 

298,493 

423, 427, 640 

130,626 

864 

299,088 

801 

141,753 

801 

301,311 

280 

149,317 

815 

303,375 

651 

149,319 

818 

303,389 

470 

160,148 

814 

303,505 

462 

160,759 

861 

305,488 


183,975 


305 579 

852 

163,452 

792, son 

305,593 

711 

165,770 

658 

306,763 

261, 300 

185.771 

856 

306.437 

820 

168.643 

856 

307,223 


176.811 

856 

307.802 

878 

181.385 


308.740 

423 

186,850 


310,353 

655, 059 

189,200 


310,438 

767, 768 

190,088 

840 

311.208 

609 

121.1182 


311,285 

835 

192,106 

827 

311,780 

826 

193,200 


315,174 

801 

202,311 

801 

316,422 

819 

204,078 

835 

115,701 

935 

205.502 

362, 390 

310.B51 

465 

206,563 

B54 

317,194 

709 

212,2,12 


517.U8 

865 

212,930 

658 

318,311 

835 

214,221 

.■ 786 

320,846 

HIB 

214.224 

414. 427 

322,137 

819 

217,508 

854 

}}} 100 


220,302 

161, 186 

525'440 

866 

225,190 

JBU 

325|616 

BU 

222.521 

771 

320 600 


M2.271 

. 152, 180, 191 

327'.411 737, 

748, 751. 785 

244,607 

. .. 826 

327 746 

819 

248,791 

711} 7M 

332 102 

640 

252,122 

’ 862 

BBo'lOO 

810 

aWM 


888,'066 

276. 280 

259,607 

B3I on 

334 009 

,HT, 519 

221,59 

Ml ' 572 

334'001 

814 

J684W 

; 541 

887,W 

538 

255,224 

421 

333 100 

RU 

255,221 

- . , . 465 

389 747 

612 

227M 

JUU 

840 001 

814 

227,252 

IBS 

B48'i74 

865 

272,271 

865 

343’208 

865 



842, 'sTS 

262, 802 

272,451 

ft!MI 

342 370 

B07 

m,82i 

40| 

342 486 

165 

S!,2« 

465 

348 793 

851 

271,222 

626 

343 M4 

56 

ST,245 


343 734 

IBS 

SIM 

90} 

sio’tbb 

885 

271,122 

227, 325, 111 

MM 

012 


Bnt\»h Pat&\U Page 

347,108 810 

347,187 BOl 

347,510 860 

340.071 810, 841 

350,010 760 

351.948 600 

353,464 509 

364,441 BOl, 826 

354,992 502. 760 

355,214 801 

358,068 800. 801 

358,078 544 

358,405 BOl 

360,349 427 

361,951 BIB 

363,099 781 

363.823 BOl. BIB 

363,846 BOl 

366,502 801 

368,782 814 

368, 929 H 

372,321 BOO, BOl 

372.763 BOl 

373,896 4B8 

376.397 801 

378,217 BBS 

378,644 819 

382,301 810 

382,842 814 

388.734 7B7 

301, BOO 506 

394.414 B85 

390,147 B30, 841 

397,124 601, BOO 

397,009 BU 

398,136 508 

30B,5n 788 

309,208 BIB 

399,646 BDl 

401.297 797, 789 

402,253 B36. 841 

407.948 819 

409,696 465 

409,813 885 

410,741 827 

410.874 835 

411, l.W 801 

411,198 801 

413,007 au 

413.537 885 

414,237 801 

414,570 615. 606 

414,572 614 

414.699 «B 

415,065 889 

415,526 887 

415,958 819 

416,379 93. 108, 462 

417,519 183 

417,659 841 

417.944 819 

421.11R 799 

421,542 819 

425,363 S® 

425,893 801 

429.764 666 

480.298 819 

481.609 MS 

432,196 W 

432^ 51 

433.072 15 

485.548 5; 

437.T79 m 

488,425 728 


879 












PATENT INDEX 


8dl 


Frmith Patentw Pw 

786.7M W 

74S,W5 002 

743.MI Ml 

743.7M 819 

744,109 011 

747,588 SJ 

740,009 BM 

750,842 001 

759,080 838 

700,386 W5 

761.417 002 

7BIJM 014 

782.002 405 

780,510 B41 

787,250 723 

770,848 120 

771.214 178, 810 

771.215 819 

775,701 833 

780.057 771 

782,300 854 

783,091 301 

794 178 850 

797,374 814 

788,120 M7 

701 739 811 

792.021 802 

792.022 810 

705,447 048, 723 

796.206 183 

797,072 300 

797,771 300 

798,700 819 

B00.1B5 802 

800,892 724 

801.395 773 

801,490 773 

801,499 212 

801.532 840 

803,257 301. 879 . 302 

805 503 840 

8O5'012 407 

800.578 777 

808,707 810 

809.220 802 

800.675 799, 814 

810.037 782 

810.185 802 

810,505 614 

811,832 107 

818,855 055 

818.186 107 

oifi.ws Rn? 

820.579 802 

821.048 m 

823 592 .740 

;28.503 . 741 

823.595 788 

824.127 732 

828 033 ..819 

JJO 007 BOZ 

H®.7B7 840 

S4.njj 811 

SS-wi ;.;;;7w 

WI.979 788 

55,000 8M 

.... M7 

80,477 17J1 

Si'JII! . U2. IM, Ul 

W.568 ... 808 

26.421 , ; S! 

138,119 .. iS 

184,930 : M'iw'SS 


Gernmn PatentM 

198.1158 

193,901 

194,320 

202,032 

209,002 

222.079 

224,348 

230,237 

234,743 

237.280 

Page 

724 

BIO, 520 

525 

869 

346 

060 

412 

Oerman Patentt 

515.541 

515.542 

516,653 

519,800 

520,154 

520,860 

521,330 

523,601 

524,180 

524,712 

Paae 

808 

002 

809 

aee 

010 

888 

230,701 


525,186 

851 

240,080 


525,187 


251,021 


525,560 

; 858 

201,495 


525,334 .. 

IKK 

201.080 


52B.880 

BOO 

202,252 


527,035 

858 

207,271 

.... 224, 226, 283 

527.303 


207,832 


529,484 

035 

267.870 . 

852 

620.970 


275,248 . 


530,802 

805 

277,390 . 

508 

531 400 ... 

fUfl fun 

278.480 . 

B14 

538,457 


281,046 . 

383. 42.5, 438, 453 

639,331 


281,212 


640.014 


282.490 

.... 383, 423, 453 

541,024 


282 493 

523, 54B 

546,082 


283,365 . 

273 , 4.53 

648.578 


289.009 . 

853 

551,250 


292.066 

523, 540 

555,083 

819 

208,345 . 

. . . . 523 , 530 , 583 

555,812 

891 

325,474 . 

555.403 

081 

326.729 . 

. 810 

555,955 

051 

332.391 . 

. 819 

556.309 

814, BID 

333,158 . 

, 723 

657,270 


333,168 . 

. 835 

557,305 


334,710 . 

. 319 

657,621 

807 

341.112 . 

42.3 

557,865 

508 

303.582 . 

635 

565.845 

819 

363.583 . 

035 

588,129 

767, 768 

365,160 . 


570,229 


367,054 . 

270 

578,253 

. . 273, 278, 361 

376 635 . 

686 

570,017 

000 

878,372 . 

840 

.582,853 

830, 841 

380.502 . 

866 

.5H4.142 

.. 261. 301, 800 

380,577 . 

BIB 

592.007 

035 

397.673 . 

852 

593,4.55 


309.454 . 

852 

594,107 


403,489 

.506. 509 

694,968 

502. 700 

412,053 , 

362, 300 

607,717 

220 

412.120 . 

855 

002,837 


420,443 . 

819 

003.101 

534, 544 

423.720 . 

055 

003,200 

405, 839 

433,100 

1.52, 180, 191 

607.380 


448 046 

4U. 423 

622.017 

m 

452,004 . 

170 

024.220 


453,280 

051, 702, 709 

624, .583 


455,206 . 

851 

626 602 


455,055 . 

702, 700 

028,053 


404.208 . 

470 350 . 

654 

029 702 


647 

629 840 

657 

483*220 . 

0.52 

B30.24B 


485,434 . 

770 

635,338 


488.003 . 

6.54 

6.37,384 

677 

488.000 . 

657 

0.38.485 

040, 723 

401,080 . 

403 

039,508 


402,247 

285. 080 

042,147 


492,821 

842 

042.650 


403.088 . 

28.5 

042,710 

.. 523. 531, 833 

404,111 

.... 650. 6.55 

045.090 


405 332 . 

280 

046,402 


495,447 

.522, 5Z7 

647,080 

08, 107 

495,448 . 

427 

050,480 


490.051 . 
409,745 . 

660 

O.M).8n2 


541 

652,012 

.. 204. 825 , 887 

502 532 . 

862 

054.515 


602.076 . 
.502,844 . 

505.403 . 

84.5 

050,004 


657 

056.5.54 


485 

050,483 

803 

5no'].5o 

865 

059,038 


512!387 . 
512.718 . 
518,200 . 
513,414 . 
616,033 . 

B72 

000,220 


767 

600,042 


6.57 

600,400 

. . 470, 470, 480 

676 

608,878 


66.5 

B73 892 








ss 







PATXNT INDBX 


ISS ;;r";;.v=»i;a 

l,»5,7tt8 4a,4S7 

465 

1,769,416 285 

1,767,102 465 

1,766,788 884 

1,766,766 884 

1,766,791 884 

1.769.765 884 

1.770,068 :t6 

I.n4,556 884 

1,780,166 88 

1,782.207 834 

1,788.528 182 

1,762,170 507 

1,783,810 818 

1,796,701 » 

1.798,288 802 

1,801,350 707 

1,801,627 820 

1,805.162 774 

1 800, 158 828 

1,810.174 490, 818 

I 810,648 gm 

1.811,243 834 

1,813,642 834 

1.814,145 326 

1.814,897 862 

1,816,022 838 

1,818,830 861 

1.825,270 826 

1.825,204 828 

1,832.820 828 

1.833,430 850 

1.835,276 802 

1,835,748 801 

1,838.829 813 

1.837.199 805 

1.850,561 475 

1.851.272 857 

1,853.565 813 

1.858.272 850 

1,858.577 045 

1.862,298 851 

1.855,008 Ml 

1.895,797 . . 862 

1,866,731 . M2 

1,867,072 ■ 8M 

1.897.823 8» 

1,871,682 S; 

1.876,002 155 

1.875,105 85H 

1,875.348 854 

1.876.118 JsJ 

82# 

1.891,819 V.’.. 818 

1 1891,930 707 708 

’.i iii.* 457’, 467 

801. 834 

l.oW.IM) 771 

'"#.162 m 

1.090,582 Via 75. 

.901,48# ^ 

1.9112,115 Tga 

.»1#,#59 J?2 

i:ss’2? 


hSVi 867, 566 

1 , 6 B 6 J 8 I 

l.tU,460 aii 324 

1,644.886 . 770 

I 1644.881 ;■ SS 

l,M8.430 SS 

1. 847.630 , Bia 

1,648,193 aJ 

1,948,528 S 4 

1.950.079 ■ ■ Si 

1.650,735 ■ S 4 

1.952.868 ‘ 834 

1.953,702 ’402 

1 953,637 884 

1.954,431 ■ 065 

I.D.‘iS,260 801 

1.955.272 862 

1.660,82.1 801 

1.963,239 fae 

I P63,2.i0 g34 

I 963,374 538 

1.963.749 000 

l.»6a,DJ7 330. 833 

j.iHw.fiiw ao 

I,lie5,3H0 801, 834 


I,907.74H 


1.967.7J9 


1,906,684 


1,970,3.53 


1,970,402 


1,071,167 

a4 

1.071,301 


1,072,142 


1,972,232 

818 

1,972.568 


1 .972,599 


1,970.507 


1,970,882 


I,9n.708 

723 

1,980,377 


1,680.343 


1,981,360 


1,681,824 

813 

1,982,194 


1.982,707 


1,982,708 

813 

1 .987.029 


1.988.753 


1,986,700 

567 

1,690,213 


1,961.332 


1.091,687 


1,091,743 



'.SOU.IIiga 

1.638,375 ;;;; VmsJS 

•M8.62D ; 

“34.033 ... JS 

! »?4,043 SJ 

»34,B9fl SJ 

■IW5.614 . . Si 

i-w6.5a9 gj 


1.662.160 106 , 462 , 465 

1,963,663 269 , 506 

1.094,085 77B 

1.664.249 402 

1.965,752 785 

1.665,827 83 . 63 , 462 

1.997,218 670 

1,967,804 510 

1.998,800 818 

1.968,648 840 

1,688,747 840 

1,999,345 834 

1.069,538 070 

2.000. 881 BS4 

2,001,034 834 

2.002.250 a4 

2,004,008 63. 222 

2.000. 517 la 

2,007,144 773 

2.007,365 834 

2.008,418 071 

2,008.074 ^ 840 

2.009,108 402 

2.010,297 840 

2,010,387 737, 834 

2,010,565 708 


CTi 3. PateniM l*lnM 

2.012,302 .rS 

2,012,566 ; iJJ 

2,013.710 . iS 

2.013,722 776 

2.014.026 . 864 

2.014350 

2.015,700 772 

2,015,748 888 

2.010,020 HI 

2.018.027 Ill 

2.018.771 818 

2.019.772 834 

2,020.954 834 

2.022,034 812 

2,023,495 818 

2, 023, .566 84, a 

2,023.928 ,’292 

2,024,081 a4 

2,025,642 818 

2.025.738 818 

2.027.148 724 

2.n2S.012 784 

2,028,472 4M 

2.029.018 502 

2,020.7.57 a4 

2,030,307 888 

2,030,832 gae 

2,033,055 846 

2,033.145 835 

2.033.540 348. 376 

2.033.541 282 

2.033.542 376. 878 

2,033,545 MO 

2.033,012 178, BIB 

2,033.610 271 

2,033.918 271 

2.034,282 774 

2.034,405 801 

2.03.5,123 818 

2.0. 3.1.333 813 

2,035.607 835 

2.037,416 T?.*; 

2.038.558 813 

2,039.344 IBO 

2.038.558 813 

2,039.384 BIO 

2,036,365 810, B13 

2,039,360 810 

2.039.307 813 

2.040,658 ai 

2.043.824 BIB 

2.043.825 bib 

2.043,838 475 . 837 

2,043,932 773 

2,044,980 bib 

2.045,741 814 

2,045.785 766 

2.045.806 a8 

2.047,390 Sa 

2,047,050 221 

2.048.087 Ml 

2.048.992 ai 

2.049,014 B35 

2,049.058 aO 

2,n49.M2 796 

2.049.447 178 

2.046.72.5 600 

2,050,979 774 

2,051.096 6M 

2,051,098 614 

2.051,121 264 

2.061,300 820 

2,052,003 aO 

2.052.138 54, 800 

2,052.173 . 814 

2.a4,107 290 

2.055.42.5 m 

2,055.634 723 

2.0. 57.104 ae 

2.0. 58.477 525. 884 

2.058.606 525, 684 

2.Mfi,0O7 mlm 



884 


ANHYDROUS ALUMINUM CHLORIDE 


U. S, PaiEntt 

Poa^ 

17. 0. PatentM 

Paffe 

V* S, Patents 




702 

2,002,078 

102. 107 

2,185,440 

tab 

1,060^ 

BH 

2,088.^ 

475 

2,185,650 

TAfl 

i.oai,oM 


i;006.70B 

801 

l,tl(,27( 

...122, 176, K18 

I.081,MI 

570 

2,007,127 

oa, (41 

1,117,117 

... 301, 379, 302 



840 

1,007,408 


1, 117^(4 


1,00.845 

814 

2,007.740 

814 

2,187,792 


i,4as.iu 

428, 417 

2,008,108 

818 

2,118,775 


I.0N,W 

... m, 170, in 

2,090,000 


2488,800 


1,00.474 

709 

1.100,187 

870 

1,100,000 


1.087,00 

801 

8,101,241 

841 

8,140,500 


i,ooow 


2,101.558 


1,140,040 


1,071.521 

406 

2,101,550 


8,141,505 


1,071,051 

... 88. 88. 106 

2,101,500 

878 

8,148,050 

737 

1,071.107 

Ill 

aimiooo 

BIB 

1, 147^0 


1.071.187 

101 

2,104,002 

818 

1.140,7(1 


1,071.485 

... 802, 052, 065 

2,104,424 

502 

1,100,(41 


1,075JQ1 

801 

2,104,701 

835 

1,154,102 


l,0n.781 

BU 

2.106,010 


2.155.204 


1.078^ 


2,105.147 

475 

2,158318 


2,(778^88 

402 

2,112,840 

741 

2,1U,51( 


1.078.855 

814 

1,112,847 

741 

2459,148 


3,ii7ijn 

188 

2.113,028 

802 

2.161,178 

Ob 

i,on^( 

475 

2.113,179 

038 

2,161,174 

93 

1^,518 

889 

2,114.812 

189 

2461,599 

H14 

1,08U1D 


1,1U,I0( 


2,162472 


1^,471 


2,116.604 


2402,971 

m 

i,«a,8oo 

801 

1,117,100 

271 

8405.372 


Z, 00^18 

801 

2,117,201 

271 

2.108,101 

....746, 751, m 

2,088,518 

801 

2.117,4(8 


2.100,494 

7S8 

2.088.520 

801 

2,119,550 


2.170,806 

741 

1,(14,012 

BU 

2.119,057 

814 

2470,800 

173. 1H7 

1.0(4,081 

801 

2,119,970 


2,170,089 

173, 133 

2,004400 


2,121,320 


2,172,382 

330 

14(4400 


2,122.020 

814 

2,172,391 

178, 405 

2.054.027 


2,123,540 

835 

2474.009 

403 

2.088,524 

790, 801 

2.123.700 

845 

2,175,002 

813 

2.085J»5 


2,124.235 

799 

2,184,325 

KIO 

8.087,882 


2,125,218 

836 

2.189,889 

... 343, 377, m 

2,088.500 


2,125,398 

760 

8,192,485 

636 

2.080,588 

602 

2.125,490 

m 

2,193,700 

ir.5, 463 

2.000388 

801 

2425,908 .... 

603 

2,195,108 

221 

2300,438 

050, 055 

2.120.001 

799 

2,107,700 

221 

14M40B 


2,126,300 

188 

8,197,710 

295 

2.011.483 


2,131,250 

612 

2,197,711 

377 

2301305 

407 

2422,805 

814 

2.197,712 

377 

2,002,724 

182, 455 

2,132.075 

815, 633. 580, 589 

2,100.(04 


l,0(l,fl(( 

811 

2,184.711 

182 

2,232,013 

DO 

1 MS, 9711 . . . 

IBS, 1B7 

2485,044 

837 

2,238,130 


I4ii,>n 

102. 197 

2,130,122 

122, 018 

2,240,583 

20. 374 



Author Index 


Abnkumovikaift, L. N.. BOO 
Abbott. 1. S.. B60. BOS 
Abel.C. D..e. 729.825,836 
AckennanJi, A,. 214 
Arkeimann. I'., 660 
Adadurov, 1. £., B52, 858, 859 
Adam, P., 110,280.453 
Adanui C. £•, 840 
Ariuna, 878 
Adaina, W., 880 
Adama, J. R., 825 
Adams, K., 685, 553, 002, 061. 
068, 071 

Adelson, D. E.. 800.412,580 
Alikins, n., 65, 805 
Adlor, A. A., 498 
Ador, 8, 9, 83. 84, 87. 914. 

228, 224, 238, 240, 525 
Adriunownky, A., 65 , 204, 009 
Adriaikowfd^, M., m 
Aelnny, 1)., 754, 759 
Aenchlimann, J. A., 172, 101, 463 
AJbprt, B.. 288,280 
Albert. T. J.. 195 
Albrecht, 0., 020,020 
Aldis, R. W., 818 
Alf^ander. C. M., 827, 851 
Alexander, L. L.. 103,472,484, 
405,004 

Alexandrov, B. N., 771 
All, A.. 5^,501.5113 
Allbrisht. W. B., 84 
Alim, C. F. II, 218, 220 , 594, 
509, 755 

Allen. J. F.. 150. 082 
Allendnrf, P., 221, 224 
A1r)iiier, R.. 700 
Amnifat, P.j 412 
Amos, J. li., 772 
Andreev, D. N., 788 
Andreeva, £., M2 
^ndprson, J. A„ 840 
Ainderson, W. P., 861 
Andrmnnw, K. A., 818, B19 
Anaeblw, A., 111,115,120 
Animmnv, 6. D.. 005 
Anshacher, fl., 275 
A., 110 

AnsrhUU, B., 84.87,111, 115,119, 
120, 121, 125. 127, 220 , 247, 

55 !’ 

.Ml. 640, 714, 722, 728 
Inselmino 0., 005 
Anbiurl, t. I.. 802 
Antaus, L. I., 000 
^npmwller, £., 527 
Ar3pereon, L. D., 780 

yit. F. V., #74 
Jrm-itroM, H, E., 181 

a, B84 

'm «4. 

Arn.ild, fa 494 
Arntznn, 0. E., 04 
V.. no 
677.788 

0*1 784, 708. 800. 818, 838 
Ashdown. A. A., 4 

a. 184 

a'-'a.w 


Auerbach. J.. 1Q2 
Auerhalm. A.. 418.423 
Auffonbcrg, £.. 412 
Auffpr, V.. 113,212. 230.237,239, 
381, 453 


Ausloendor, F.. 560 

Au/tLin, A . 84 

Austin, P. C., 08 

Austin, W. R., 850 

Austin, W. B., 862 

Auwnra, K. v., 54,220,233,248, 

308, 309. 311. 312. 313. 315, 

321. 322. 325 . 327, 345 , 346. 

309, 370. 304, 412. 415, 424, 427, 

434. 435, 453, 482, 491, 492, 

686, 089. eOO, 697. 699, 700, 

701. 708, 709, 727, 729, 733 

Avenariup, R., 240, 279,250 
Avnitin. G., 334 
Aycock, ti. M., 549 
Ayling, £. £., 601, 000, 007 000 

Ayinar, G., 657 
Ayres, E . 737, 834 


B arh, K . 342 .143 
Bachninnn, W. £., 03, 203, 2M8 
28D, 412 490, 587 
Buddar, F. G.. 055,689 
Rafldeli'> , G , 07, 55, 212, 210, 220, 
723 

Barler, W, 423 

Daderl«cher. D. £, 109,359.840 

Bur, F.. 588 

Ibipslpr, K , 732 

Bne> cr, A , 239 , 439, 453 

Bagrhi, P. N., 709 

Hagryftnlfieva. P. P., 467, 827 

Dailar, J. 0 . 231,292,283 

Bailov, G. C. 527 

Hnlmuknv, Yu V., 47 

Baird, 1)., 850 

Baker, W., 131, 143, 709, 7Z9 

Balhorn, H , 843 

Ballard, M. M., 184 

Bnlle, G.. 221 

Baleuhn. M, 9. 110, 122, 456, 
457, 459 JOO 
Baits! V, K., 708 
Balrerkicwica, II., 687 
Bandinwski, £., 600 
Bnnerjpe, B. C., 729 
Bnnzon, J., 782 

Barnnger, P M., 802, 803 , 304, 
409, 471, 478 

BaraiiovAkaya, N. B., 789 


larblpr, H., 84, 187 
Sarbnt, A., 107,275 
largellini, 0., 317, 332, 334, 335, 
337. 338, 589 
Sarkpnbus. C., 100 , 082 
iBrkpr, G. li. H2 
lirlBR, T., 541. MO 
lannaknv, N. £., 802 
lamard, D. P., 802 
lames. B H., 884 
lamett. £.. 127.183,141 


lamett, £. B , 538 
iamott. Fi. rieB,. 524 , 584 
amett, M., 800 
arral, £., 012, 700 
aireU. J. W., 723.790 
arrow, F., 482 


Barsky, G., 151 
BartPla, A., 084 
Hnrtds, W., 800,802 
Bartini 1, J. H.. 837 
Barybi'hpwa. A., ^0 
Bass, A., 708 
Baas, 8. L., 271 
Bassett, H., BOO 
BustPt. M. C., 120 
HntliiiRv, M., 120,166.403 
Baud, K . 18, 20, 30, 37, 38. 39, 
42 818 

Bnudniuont, £., 40 
Bauer, A., 713,723 
Bauer, E., 411 
Bauer, K. H., 322 
Bauer, L. 6., 184 

Bauer, R. T., 295,854,811,840 
Hauni, Pk C., 801 
Baum, F., 221 
Baiini, H., 815,709 
Baiir, A., 80 , 84, 105,100,130 
Baur-ThurgBU, A., 221 
Bayer, 0., 412,700,701 
Beatty, H. A., 780 , 788, 822 
BHuurepiiU'p, — , 83 
Berk, K., 221, 222, 459 
Becke, P., von der, 84 
Becker H, 133 , 241, 291, 294, .525, 
587 

BerkpT, W., 423 , 454 

RpckerholT, H., 84 

Berkniann, £., 19, 20, 20 

Bpckhiirts. H., 205 

Berman, N., 834 

Beetz, P., 364,725 

DpEcr, C., 309 370 

Bahai, A., 84, 237 . 239,453 

Beliuurr. O , 801 

Rehla, 0., 2R0 

Behn, H . 352, 364, 389 

BeisswenKpr, A., 326 

Bekii, N., 786 

Bell, A. C.. 755 

Bril, K, 305,328,562 

Beliak, L, 185,137,190 

Bendu, L., 054 

Hena, F., 098 

Benndnrf, 0., 292 

Bennett, N., 122,170,818,806 

Bmrath A , 50 

Densa, F., 292, 611, 054 

Brntlev, W H.. ‘533, 553 

Benz, H., 288 

lleiiie, B., 18 

Brieliehnann, W., 000, 005 

Heirliem, dp, 241 

Heiemle!*, R., 600 

Rerntta, A.. 523 

Bericdrdl, R., 413.423 

Rr^Keirn F. H., 172, 191. 433 , 453 

Beigi'ma, F, 302,321,728 

BpriTPT, F., 115 

Bl^ikpi-, 0., 55. 126, 160, 161 

HrrKei,H.(i.,737. 818 

BeiRpr, R., 155 

Beraniiinn, £ , 283 , 805 . 390, 412, 
466, 480, 488, 686, 709, BOO 
BerRrppii. H., 165, 265 
RprRStinin, F. W., 187 
Berl, £., HO. 799 
Beilin, T., 390. 412 . 709 
Kernian, N., 675, 082 
Bernuirli^., G , 386, 42S 



BB6 


ANHYDROVS AIVMINVU CHLORIDE 


Bcrne-AUeDt A., 840 
BomthBfln, 600 
Berry, T. M., 488,404,008 
Bert, L.. 84 
BwthelDt. C., 770, 809 
Berthelot, M., 488 
Bertooh, J. A., 813 
BeBpolnr, I., 884 
Bmon, A.. 40 
tot. A. 01 
BflBtlmni, £., 880 
BeBtushev, M. A., 510. 780 
Bettas, L., 58,02,784,758 
BettSxto F. U.. 308 
Bfyor, R. 188, 888. 887 
Boynim. jrH., Ml, 007, 008 
Beui, B., 818 
BenubeU, M.. 107 
Bhadarway, — . 728 
Bhaduri, B. N., 30 
Bhaewat, V. E., 700 
Bi^obnaski, M., 04 
Biedvmaiin, A., 872 
BiUig, G.. 42^ 844 
Billman, J. H., 500 
Bilti, A., 734 
Bilti, H., 144.148.247,728 
Bilti, W.. 18, 14, 10, 18, 22, 20, 87, 
80 

Binapll, J.. 180. OM 

BlDdflT, M. N., 022 

Bini, L., 887 

Birch, S. F., 728 

Biroael, D. M., 41 

BiMhoff, C. A., 105, 100, 728 

Bifltnyoki, A.. 888 

Biawaa, H., 538,730 

Bitter, J., 770 

Bittner, K., 100 

Black, D. B., 140,484 

Black, J. C., 830 

Black, R., 828,841,430,454 

Blackwood. A. J.. 880 

BlasoweBChtBchenan, Q. W., 801 

Blauw, £., 252 

Blanc, G.. 14^ 044, 787, 7B1 

Blanchard, K. C., 281 

Blatt, A. M.. 080 


BUu. E.. 388 
BleaBing. G.. 414,423 
Blicke, F. F., 344,088,702,708 
Bloemer, A., 783 
Blon, A., 822 
Bloxam, A. G., 525 
Blum-Beramann, O., 488 
Blumenb^, H., Bw, 801 
Blunck, F. H., 741 
Boake. A.. 014 
BockemQller, W., 281 
Bodani, D. Q, 324 
Bodani, V. V., 834 
Bodendorf, K., 048, 781, 848 
Bodinuii, f., 802 
Bodroui, X>., 408 
Bodrouz, F., 84, 110, 118, 228. 405, 
728 


Boedtker, E., 88, 84, 80, 82, 188, 
175. 082,001,714,723 


nViMkeD, J., 54, 85, 114, 110, 117, 
110, 128, 127, 145, ISO, 187, 

]M, 104, 108, 180, 200, 211, 

310, 230, 327, 287. 268 , 204, 

108, 967. 908, 800, 417, 458, 

408, 810. 005, 073, m. 770, 

780. 781, 785, 8l3, 870 
Boetiua, M., 287 
BOtteber, K. A., 288. 840 

BmtinS. 20b’ 305, 412, SH, 
IhO. oOli 886, 802 
Bdhnu Rii 688 

BofcSr, ^ V., 861,800,580,602 

Bdam. F. M., 885. 501 
Balia. J.. 182 


Bond, B: a., 778 
Bondi. A., 805 
Bona, W. A., 708 
Bonhota, G.. 055 
Boimell. D. G. li.. 26 
Bonnell, R., 55 
Bonnet-DoMarK, C., 818 
Booth, H. B.. 855 
Boroherdt, G. T.. 140,485 
Borahas, H., 508 
BorgUn, J. N., 835 
Bonaov, F. P.. 828 
Boiaohe, W., 138,205.378,801, 

418, 428, 584. 885 
Boflwdl, M. C.. 804, 868 
Botha, W., 378 
Rouraet, P., 228 
Bounon, F., 850 
Doiirion, M. F., 844 
Bouveault. L., 212. 218,252,304, 
872 

Bowden. E., 674.682 
Bowden, S. T.. 55, 208 
Bowen. A. R.. 800,824 
Hradbuiy. H., 553 
Bradley, W. P., 872 
Bradaher, C. K., 341,580,064, 
008, 700 

Bradt, W. E.. 107 
Brallier. F. S., B5B 
Brand. K., 108 
Brand. M., 274 
Braes, K., 55, 055 
Braun. J. 125,140,143,152 
153, 101, 245, 270. 204, 295, 207, 
804, 805, 412, 413. 414, 423, 525 
Braun, K.. 412 
Braun, 0., 838, 090, 007 
Brauna. M., 284 
Bray. U. B.. 834 
Bredererk, H.. 877 
Brc^teanajclcr, S., 804 
Britcge, F., 305, 326, 502 
Brindley, G. F., 801 
Briscoe, H. T., 20,27 
Britton. E. C.. 175, 180, 182, 229, 
271, 403, 465, 012, 774 
Brrjrkinann, H., 881 
Brode, J.. 851, 857, 805 
Hrodpraon, H. J.. 20 
Brodnvirh, A. I., 834 
Broido, J.. 287 
Bronitaky, J., 671 
Brooke, A. E.. 111,815,818 
Brooka. B. T.. m, 703, 828, 834. 
844 

Brniity. J., 281 
Brouwer. L, G., 770 
Brown, A. B , 834 
Brown, B. M., 213,283 
Brown, C. B , 20. 65 
Brown, F. E., 20 
Brown, J R.. 128 
Brown, N. C.. 720 
Browning, E., Ml 
Brownlee, R. IT., 800, 801 
Bnibakar, M. M., 818, 810 
Bruec, W. F.. 175,412,045 
Rrllekner, H., BM 
Bruggemann, F.. 810 
Brunei, O., 106, 100 
Bruner, L., 20, 28, 04 
Bruns, B. P., 850 
Brue, G., 781 

Bnnxvn, H. A., 03,113,182,108. 
203, 222. 315. 482, 467, 504 , 814, 
533, 680, 580. 632 , 704, 813. 870, 
877 

Bryan, A. ^ 12 
Bryant, &■ W.. 878 
Buahheim. S., 104 
Buchner. A.. 87 

Buchta, E., 288. 472, 876 , 678 
Budnikov. P. P.. 882. 888. 880. Ml 


Buff, — . 800 
Buff, H.. 22 
HumiUkaya, V., 814 
Bukreeva -FrniuTQVbkaj a, 1., M., 
8J3. 814 

Bulev, A. M., 845 
Hiilmtmn, E., 

BuIdw, C., 355 
Hum, F., 604 
Bunburv, H. M., 188 
Bundeiunann, A.. 220 
Bundeniiann, H., 300, 080, OOD, 
708 

Huueon, R., 849 

Hurakar. E.. 212, 574, 583, 584, 

781 

Burger, A., 378,412, 880 724 
Burgeu, L., 854, 8M, 862 
Hulk, a. E., 700, 870 
Hurnrlcit, W., 01 
Burnley, M. C., 247,240,343, 

453, 4B2 

Burr, K., 005 
Durroughe, S. G., 510 
Hurrowe, G. J., 171 

Hurtoar, R., 200, 201 
Hnrtner, R R., 191, 193, 101, 

202, 370, 377 
HufNshmann, H., 012 
BuUer, K. H.. 20 
Buttgenbach. E., 51, 450 
Buu-Hoi, — , 5M 
Byck. L. 0.. 818 

Bvera, J. H,, BOO 
Byrkit. G. D., 55 


Gadeiibech, G., 26 
C'arlv, Q, H., 111.815,818 
r*iilien, E,, 187 
Ciihii, R. H.. 414,423 
Cuille, E., 271, m 
Tmlle, H., 200 
relrott, W. B., 778 , 845 
Calingaert, G.. HO. 780 , 787 , 788 
822 

Callie, a C., 780 
Tullnway. N. O., 3 . 84 , 80,191. 

102, 103. 104, 100, 200. 202 , 204, 

211, 370. on, in, 470. 638. 875. 

ffro 

raniboulivcfi. P., 850, 800 
C'anibrnn, A., 645 
Camp, A. D., 818 
ranipbell, A. W., 190 

CnmiMiell, W. P., 200 

Candea. O., B28 
('imliininn, 1. P., 88, 69. 71, 740. 
744, 745. 747, 740, 750. 7 ) 0 . 
705 , 788, 700. 823 
Carl, H. E., 884, 881. 802 
Tarl. R. W.. 310 
Tarmody, D. R*jl Ml 
Cartnody, M. 6., JJJ* ^ **'^1 
Parmody, W. H., BOO, 803, 804 , 
805. 807, 818, 814 
Pnrnahan, F. h.. 

Parothera, W. H., 7W 
Parpenter, M. 8., 174, 178, 18 , 

UlA 924 

rS?mwl. A., 151. 805. 819 
Parre. P.. 257 
Parroll, R- H.. 755 
Parter, A. R., 778, ^ . 

rarton. B., M, 51, 5*. Bl. 'I"' 
575. 7J» 

raah, B. V., 509 

Paeon, J., 887 

Caee. O. W.. 00,722.773 

Pamelinann, W,, 40 
Caetner. —,884,868 
Cathwrl, W. £■. 

Cattoaeo, C, 55,57 



AUTHOR INDEX 


8S7 


Caudri. J. F. M., «U. 814 

Cbiu, a., 7n 

Ch8bne. C., 187 
Chdloiit A. A., 881 
ChakmvATti. D., 78^ 789 
CbKlmen, A. J., MB 
Chambw, V. J.. 4M 
Chapman, E., 887,881 
ChappaU, M. L., 801. 818. 834 
Cliarante, J. M. van, 397 
Cbarante, M. van, 830 
Chardonnana, L., 980, 688 
Charpy, Ou 848 
Charrier, 84, 780 

ChatUway, F. D., 131, 182 
CliAtterjee, N., 844 , 680 
Oiaubal, J. S., 184, IBS, 881 
CheHiiam, H. C., 309, 270 
Cheetham, K. H , 708 
CheltBOVa, M. A., 876 
Chen, P. B., 184 
ChMia, Y., 176, 177 
Chmg. Y. Y.. 432 
Clkerbuhes, E., 162 
Chprkaaova, E. D,, 376 
rhomoihukov, N. I , 802 
CiiHVUirhalova, K K., 704 
Chirhibabin, A. £ , 288, 810, 873, 
780 

CUicoa, I.. B7, 740, 748, 780 
Child, W. C., 36 
cniitlirk, M. B., 801 
ChiBhik, A. A. BS2 
Choay, E., 84 
Chopin, M., 210,272 
CliDvnik, N. G., 23 
Ciiowdry, N A , 680, 70B 
Christ, R. E., 758 
Chnstmaen. C. W., 282, 343, 376, 
378, 379, 891, 840 
riirMtAnMn, N. C., 646 
('lirmtiamien. T . 283 
ChiiBtianaen, W. Q., 310 
ChnatniAiin, F., 802, 814, 810, 834, 
841 

riiu, E. J., 298 
Ohuit. P., 252 
CiBiTorehi, I., 685 
Cioranosru, E., 740,781.759,790 
CiBkowski, J. M., 61,104,458 
Clar, E., 128. 132, 168, 240, 279. 
280, 389, 301, 430, 431, 440, 
W, 528, 533, 683 
Hark, C. D., 887 
Clark, P. M., 176,818 
Clark, G. L., 37 
Hark, R. H., 893.809 
aarka, Q., 413 
Harke, L., 267 
Uarke, L. A., 616 
ClauB, A., 65, 88. 110, 212, 216, 
Ml, 223, 224, 225, 234, 
ar, 271, 320 
nausen, E., 28 
C nnenl, H.. 64, 67 
Clemo, G. R., 108, 58B, 080 
Hins, K. L-. 460, 691 
Cluwan, P. M., 65 
1 obh, E. B., 697 
Crthh, P. H.. MJM 
Cwora, D., 287, 470,095 
A'. 401 

Cohen, C. A., 814 
fohpn, D., 690 


ii*n, J. B., 846 
Uhpii, J. R.,6II 
fiihan, L., 608 
I ulini. w n 


ini W. D., 233 
J, 0. X. 641 
Cop. W'., 766 

> 78 . > 8 *. 

188, 405, 690, 773, 618. 
M4 


Cullal, A., 130. 214, 215, 228. 229, 
232, 249, 281 

Colma^ J., 525. 570.583,880 
Coltboff, F. J. G., 815, 818 
Combw, A., 84, 144,702 
Ciimev. A., 371 
Comatock, W. J., 876 
Conant, J. B., 229,242,243,304 
Conduche. A., 801 
Cuno. L. H., 216.217 
r«onnerade, £., 140, 241 
Conquwt, V., 379 
CunstantinBacu, C., 881 
Cook, J, W-. 133, 141, 172, 278, 
270, 280. 284 , 287 , 298, 412, 

476 , 487, 488, 489 , 491, 525, 

586, 688, 718 
Conk. O. W.. 498 
Cnoper, 8. M., 813 
CoopH, G. II., 15, ID, 26 
Cuprnhavpr, J. E., 400 
Copuarow, A , 133 
Copisarnw, M., 130, 132, 453, 630, 
693, 698. 723 
Ccirbrilini, A , 657 
Cori-ll, M., 241. 291, 528. 055 
CcnnUlnt, A , 760 
Cojtis, J 671 
Cnrsnn, 1) B 468, 092 
CuBAa, A., 848 
Couch, H B , 755 
CoiiHon, £. A , 224, 38.} 
Coullhard, C E 700 
CoupcT, M , 243 
Cnurtnt, V . 376, 633. 034, 638, 769 
Cousui. 8. G , 187 
Coward, H. F., 798 
C owper, R. M , 613 
Cox, E. 1/ , 674, 698, 708 
Cox, M. V., 792. BOO, 822 
Cox, P. H, 708 
Crafts, J. M . 4, 6. 7 8, 9. 10, 
17, 18, 19, 88, 83, 84. 86. 97, 
IQD, no, 113, 114, lie, 128, 
124. 130, 136, 148. 158, 164, 174, 

211, 224, 229, 233, 264. 382, 428, 

483, 454, 808, 309, 513, 824, Oil, 

682, 668, 669, 680. 6D2, 722, 723, 

815. B18. 828, 874 

CraiR, D., 899 
Craig, W. A , B35 
Cramer, A. B., 317 
Crawford, H M , 411 
Crnaman, H. W J . 758 
Crittenden, E D . 17, 43 
Crockett, L. O.. 835 
Croco, C. W..778 


CroBs, T, 799 
CroBBlev, F. S., 709 
Crowell. J. H . 167 
Ooxall, W. J, 878 
CrDKier, R. N., 804 
Cruirkalianlc, J. H., 328, 330, 563 


CVyer. J., 673 
Crymble, C. R., 21 
Oaanyi. W„ 330 
Cullinane, N. M., 375,700 
Curcaneanu, D., 71, 12D, 477, 098, 


766 


Curme, Q. O., 770 
Cushman, O E., 814 


Caen^ny, — , 471 
Ccoclirdaki, J.. 844 


O., 846 

Dafert, O. A., 782 
Dalai, O. A., 589, 892 
Dally, M., 156, 662 
Daly. A. J.. 785 
DaiDBohroder, R. E., 823,330 
Danokwardt, P , 827, 8M, 863, 
866 


Daniel, W., 790 
Daniela, E. A., 65 
Daniels, L. O., 4B6 
Damschewaki, B.. 818, 824, 829 
Danner, P. S., 803 
Dansi, A., 280,526 
D’Arcy, H. M., 184 
DarsBEia, G., 186,222,757 
Das-Cupta, H. N., 172,400, 784 
Das-Gupia, J. C . 828 
Diiubrpe. G. A , 860 
Uave. K. P., 870,580 
Davulson, J. G., 402 
Duvidaon, J. M., 120 
Davidaon, L. U., 013 
Davies, W. C,, 170,101 
Davjs, D. J., 791 
Davis, Q. H. B., 834, 830 , 840, 841 
Davis, H. B , 803 
Davia, R. F , 834 
Davy, H.. 848 
Dawson, G. A., 847 
Day, R. B.. 834 
Dearborn. R. J., 880 
I )egtyare\ a, A , 834 
Dshn, Wm. M , 55, 633 
Dciclilpr, C., 874 
lieKok, A. J., ROO 
Delurre, M., 130, 137, 228, 220. 
434. 453 

Delaroxirrc, F., B44 
Delaville, M , 283 
Delmala, C. V . 680 
Demanu, W., 898 
IVmarcBV, E.. 880 
DaMilt, C. M.,47S 
Drniolp, E . 121 
Demutli, n., 230,231.373,374 
I lengg, R , 656 
DpniKlei, L, 638 
DMiiisrnkn, V 1., 813 
Driinis, li M. 804 
Deiinlo^ W S, 278 
Dent, C K , 612 
DtTby, W. R., 814 
Dpeai, R D , 385, 309, 573 , 58D, 
591, 593, 672, 680, 709 
Deafonlainei, M., 781 
Dragrpz, A , 504 
De Simo, M., 709, 801 
Dmtpux, F , 275 
Drsreux, V.. 341 
Delias, J. J. B , 667 
Dputsch, H 125, 153, 161, 248, 
394. 395,412,400,818 
Devillp, 11. Bt. C . 12, 18. 10, 86. 
883, 808 

DeVoogt, J. G., 776,780 
Dewar. J., 600.723 
Dnwonns, C. G. M , 655 
Diekev, J. B., 88 J04, 388, 366 
Dipkmann, .1 J.,‘770 
Diesbarh, 11. de , 217, 224,230, 
280. 288, 558, 860 

Diets, E M 270, 362, 521, 831, 
533 

Dietzel, K , 208 
Diptzler. A J., 170, 180 
Dillingham, W. B.. 460 
Dilthev. W., 03,103,207,289,842. 

343, 370 
Dima, M., 793 
DniHSrnann. A., 146 
Diechendnifer. O., 278, 361, 305, 
080 

DJttnVJi. M., 221,230,231 
Dubbelniann, P., 217,230 
DobimnJnv, V. J.. M, M, 90 
Dobi-owolaki S., 121 
Dobmnskii, A. F., 828 
Dodfj, H., 800 
Dodaou, R. J., 021 



ANHYDR0V8 ALUMINUM CHLORIDE 


DofbMT, o., ur,w 
DOU, B.,«l,45S.4a 
Dfinbtiir, O:, tii 
Duerinekel, F., Ml 
DoIkow, B., 1 M 
DoUkn, F. E.. 36.27 
Dominikowna. M.. 3tt, 396 
Donat, J., 391, 3U3, 862. 6M, 652, 

g^^.-.704 

DoiTar, E., 807, 808 
DcH«b«rty. Q., 60,166,537,538, 
665, 667, m 
Downing, F. B., 877 
Downs. W.F.,834,850 
Drada, G., 110 

I^^n. A., 69, 737, 745, 788, 793. 

Drake, N. L., 630, 671, 728, 799, 
813 

Dr^aler, K., 159 
DreiBbBCh. R. R.. 175. 178, 188. 
463,163 

Dreyfus. C., 734 
Droadov, N. S., 137 
Drumm, P. J., 328, 533 
Dubbs, C. P., 827 
Dubinin, B. 468 
Duboc, T. M. £.. 612 
Dubois, E. M.. 321, 727 
Dubrov, — ' 798, 829 
Duin, C. F., van. 160 
I'Hunont, H., 336 
DumreMher, 0. v., 55 , 692 
Dunn, R. T., 39, 006, 607 
Dunstan, A. E., 885 
Dumns, T H., 64 
Dutt, E. E , 855 
Dutt, P. C., 8.M 
Dutt. 9 194 533 
Duval, H . 284 
Duvall, H. < 344. 859.672 
Duvaiiuy, G L , 4 
Dynkin, M , 47 

Dsi^wonski. K , 135. 192. 274, 
275, 270, 291, 390 , 298 . 299, 382, 
651, 654 


tarl, J. C., 138, 655 
Eastes, J. W., 815, 588 , 580, 589 
l<:aton, J. T., 140, 163, 471, 484 
Eberharrl, O., 263 
Ebarbardt, R.. 301 
EMe, K., 4 V 1 
Edcardt, W., 548 
Eckert, A., 549, 780 
Eokfrt, W., 278, 567 
Edaleanu, L.,836 
Edar. R , 521, 551, 559 
Eflgertnn. R. O., 288, 587 
Edlnnd, K. R., 768 
Edlund.T. W., 768 
Edwards, D. F., 818 
Eger, E., 579 
Eggem, F , 600, 005 
Egtoff, G., 463, 652, 733, 800, 
Ml, 803, 808, 

Efforoir, J.,84,90 
fihlera, H., 607 
Khraireieb, F., 589 
Ehilianlt, R., 80S. 808, 804 . 800, 
830, 838. 

Eldman, W., 38 

EHkman. J. F., 188, 821. 802. 
8», 488. 469, 470. 471, 495, 574 
887, 718 

Elmer. W, M.. 348 
Ekblae. M., 856, 678, 680 
Elba, Km 115, 158, 311, 223, 224 
319, 376, 414, 514, 788 


Elbe, W, 586 
Eldndge, £. F., 039 
tnkiagton, H. Dm 800, 801 
ElilSboe, E., 168, 484 
Ellis, C. J 16 , 818 
Elltaon, u., 640 

Ntsbaeher r.. 119. 438, 453, 738 

Emerson, w. S., 464 

Rndler, 0., 730 

Engelbrrcht, H , 568 

Kngeifned. Om 64, 02, 212, 864 

FbigeUiard, J. Wm 776 

Engler, C., 887. 866, 798. BOO 

Epefanskii, P. F., BM 

Ephraim. F., 87, 88 

Kppreoht, E., 270 

Emst, F., 872. 540 

Ernst, H. W.. 845 

FiHcalea, R , 847 

Flaseleii, G J., 257 

KKHex. H . 650, 860 

Emincr, J. C., 04. 220. 221, 224, 458 

F>treichpr, T , 63 91 

Ktaix, L., 330. 387 

Lvims C , 131, H3 

E\ ans, M G 645 

Exentflva, M. S., 813 

EA'pri*, F., 814 

Evison, W. C., ITS 

FiVison, W. E., 55 

Ewing, D T.. 142, 147, 641 

Eykman, J. F., fee Eiikniaii, J V 


Fabrr. U. D.. 474 
Fairbounu*, A., 563 
Faiibi other, F., 56, 01, 210 
l''ijaiis, K., 15 
Fslkenborg. H . 257 
FaraghPr. W F , 801, 830, 834 
Failier, E., 811, 813 
Farlnw, M. W., 162, 483, 775 
Farnik, A , 128 
Kasce. E. V , 405 
Fruit. A., 854,856 
Fawcett, E. W., 778 
Fayerweather, B. L , 184 
Fodnsefv, P. N.. 224 
F'edoteev, P P., 852 
Fehrle, A.. 423 
Feise, M., 891 
Feut, P., 271 
Fpinluib. E , 275, 736 
Ferrarin, 562, 006 
Perreri, G , 781 
Fprris, S. W., 885 
Firki-rt, R , 231 
Fitniler, 661 
Field, D, a. 874 

Fiers-David. H E.. 841, 538, 650, 
055 

Fieaer, L. F., 63. 142. 275, 377, 
279, 390, 296, 397, 841, 363, 894, 
413, 581, 584, 530, 681, 883, 560. 
584, 580. 588, 587, 589, 690, 044. 
945, 098, 709, 878 
Fiaaer, Mm 413 
Fmrk, G., 800, 697. 708 
Fink, A.. 004 
Fink. C. 0.,M1 
Finkeletrin, J., 736 
Finkelitoin, M*J»5 
Finogejaw, — 138 
Finsi. F„ 854, 805 
Firla. T., 36, IS, 54, 59. 61. 83. 

89. 91, 98, 94. 98, 101. 174 
Fischbacb, W., 886, 328, Ml 
Flsrher, Emfl, 114, 116, 854 , 438, 
427 

Fleeher. F., 466, 499, 665, 691, 
723. 802 
Fisehor, H.,S88 


FiMher. Otto, 114, 116 
Fischer, W., 15, 18, 40, 505, 8l[i 
B58 

Fueber, W. M., 15, 55 
Fish, — 798, 829 
Fisher, A. M., 078 
Fishar, H. E., 008, 809 
Fisher, H. L., 183 
Fitch, L. H.. 801 
Flagman, M. T., B40 
Fleekanate^ E., 054, 660 
Fluiaoher, K., 221. 280 , 273 , 274, 
276, 886. 267, 380, 300 , 200, 207, 
298, 816, 826, 872. 694, 430, 453, 
454 

Fleiaaner, F., 287 
Flenner, A. L., 86 
Flett, L. IT., 100, 182 
Flood, D. T , 78R, 822 
Floicntin, I) , 065 
Foecking, C., 63, 221 
Foorster, G , 412 
Furater, V , 22D, 247 , 252 
Fiilin, 0 . 146 
KnnJ, J G , 834 
Fiinlvre, II , 758 
Forli-Forti, — , 317 
FnrM, W . 709 
Fortner, M . 299 
FriuruPHU, E , 409, 471, 478 
Fournier, H , 84 
Fowler, A , 20 
FowIpi.R K.701 
Fox, A L . 165 
Fox. , 257 
Fox W IT., 622 
FrngstPin, P. v., 209 
Fraticracon], L , 59R 5DB 
rianciscif, V. dp, 340 
Franke, A., H5 
Frankal. H.. 890 


1* rankfurier, G B , 55, 112, 116 
147, 1D2, 641. 642 
Fianklin E. C , 20 
FiBr> , F. C , 645, 651 
rmtis, J K , 814 
FrrdHiihngpn. K , 20 
Fiee, Q.,e65 
Fieling, L , 854 
Frellstedf, R., 697, 701 
Fimacl, C..OOO, 605,606 
Freudpuberg, K., 819 


Freund, E . 618 ^ „„ 

Fwima, jJ., i» 9 , M 7 . an 

m. JM, 2W. 2M. »W. i 'J 
IIB, 82B, >72, 894 4i3, 4J4 «il 


722, >00 


iyUi«, A., 74>. 751, 7>6 
Mlberg, A , 481 

«1p1, Cm 4, 0, 7. 6. 9, 10 JJ 
7 18 19 65. 88. 84, 86, 97, 
it. no, 113, 114, m. }«. Jil} 
ID, IM. 148. 118, IM. ]«• JJ' 
14, 120, 22 a, 214, 852, 4M <>1 
14, >08, MO, 1». M4, 111. 

U, 000, OM, 002, 722. 723, 811 
18. 821, 824. OM. W* 
nl«iisnn, T. B.. 142, HT, w’ 

ST"iM iS: 

5; MO. OW. TOi, 708, 709 
taeh, P.. 100, 500 

ii5i >1410 iJiD 


FroehUoh, Em J92 
FroeMhl, N.^^BSO 
Frolioh, P. 764. 614. 
Frye, J- R.j^OO 
Fuohe, Cm 788 

F5p.a'.Mi 

Fwio, c,, m 



AUTHOR INDEX 


Fiddi, H. Iji ITO 
FuIIstj E. W,| 2B8 

Pulton, a a. in. 700. sis. su, 
818 

Funk, H.i 56 

Funke, K., 2tt. SIS. 8M. 8M. 611. 

fSob. B. C. 1M, 140, 161, 161. 
ai, 167, 471, 471, 4H, 464, 481, 
4M. 664, 671, 7M 

Gkbrld, a., 186, 168. 811, 176, 

S8S 5S0 

OngDon, P.. 357. 413 
Ouoi.K.,43 
GnTBwtky, P.,378 
Oalimberti, F., 521, 534 
Oalinker. I. S., 350, B52 
Gall, H., 40 
Galina, G., 830. 438 
QallayJIF.. W, B70 
Gallp, E., 006 . 803 
Gallp, K.. 84 
Galley, R. A. E., 280 
Gallotti,M.. 84. 531, 538, 534 
GamH, A., 817 

(^.BHRlnff, W C.. 55, 800. 825 
Ganina, T. N.. 520 
Gantp. J . 887 
QRiumUllcr, J , 327 
GarciA, E. D.. 115 
Garrin-Banua, A., 384 
Qardeur. A., 148 , 454 
Gardner. H. D., 568 
Gardner, J. H..55a,0B5 
Gardner, R. H., 350 
Gartner, R., 357 
Qaataldl, C., 473 
Oatea, L. W., 708, 700 
Gattermann, L.. 50, 281, 222, 250. 
Ml. 302, 300. 801-803 , 820 , 838, 
830, 841, 347, 848, 840, 351, 873, 

m, an, sto, 450. 500. soo. 503. 

600, 000, 005, 000 , 709. 785, 840 
Gault, H.,B22 
OaiMikowna, L., 2V8, 809 
Gaulier, H.. 814, 880 , 845 
Oav5i, I. O., 71. 180, 887. 470, 400, 
„fl95. 750, 700 

Oavftt, J., aee GavOt, I. 0. 
Gayerdovskaya, M. V , 338 
GHkw, E,, 138 
Geiirv, R . 150, 357 
GpmaiiainPT. A , 787 
OMjyreaae, P., 55, 83 . 01. 90. 164, 
SOO 

Opor*, ^ 008 
On-Rpa, W. R., 813 
Qprhardt, O., 02, 232 
JJerlaoh, M., 874 

Gprmann, A. P. 0., 30, 37, 38, 41 
a. 1 . 167 
Gmidl, E., 808 
Grtman, F. H., M. 11 

Ofwehr. H., 646,681 
Rfw, B. P., Mi 

Qhigi E.,ni 

O'hlM. H. b.. Mi 
C. 8.. I7I 

n I"’..*- 

g' foil. W. fl.. 478 
n.. 816 

84. 181, in, 166. 

IS' ***• *■*• *0* 

H.. 889*** 

gras, J.. 689 

°'«.M.,466,46l,866. 6a6 


OIwIct, H. a vu, 686 
Qluabcook, A. L., 788, 786. 816 
Glaaer, £., 818 

H., 475, 537, 533, Bll, 

OlPditach. E.. 84, 170 
Glynwyn, D., 55 
Giinhin, R., 728 
(ioergen, G. G., 012 
Gau, R., 814. 502 
GnAPerjo, K , 221, 454 
Ookhle, B , 882 
OoldberR, I.. 250 
(aDldblatt, L. A., 200 
Ooldfarb, I., 108. 373 
Onldfarb, Y. L.. 614, 781,370 
Goldeohmidt, H., 169, 013 
OoldncliiDidt, M., 388 
Urildaclunidt, S , 703 
fliilrlHchmidt, V M., 853 
(inldachmiodt, G , 525 
Goldatein, 703, 820 
Gnldatein, H., 154, 318. 323, 320, 
880, 840, 438, 430, 453 
GnldatPin, R , 036 
Gnila, H.. 30 
GolniiflChin, N fi , 771 
Golahtrin, D. L , 8M 
Gomberf;, M., 110, 117, 118, 128 
173, 310, 281, 232, 283, 844 
Gontalpe, — . 307 
Goodemoof , K , 017, 024 
Goodman, H O , 52,5. 071 
Gnodway, N. F , 133, 525. 538 
Gordon, V., 011 
Gore, — , 840 
Gorenbein, E Yo , 31 
Gorireu. A., 11 821,824 
GofMin, E., 34, 91, 220, 221, 458 
fioBsin, M., 224 
(loaemann, 0 . 21 
Gnewami, R , 550 
Qoudel, TT , 113 
GniiUl D F , 814 
Gnuldpii P 470 

Qiaebe. C, 250, 280, 295 , 207, 
510, 624, 545, 547, 540, 506, 040 
Graeta. A , 820 
Oraf, A., 504 
Graf, L. E , 808 727 
Grande, E , 316 
Graaai-Cri^aldi, f! , 044 
Oratrau, El , 25,1 
Qratzianalrij. N. N , 805 
Grauer, 0 , 390 
Gravpl, L., 412 
Gravee, G. I) . 5SS. 653 
rjravM, J N . 180 
Gray. 6 . W . 820 850, 8.52 
Gray. H., 182 
Grebe, J. J.. 774 
Green, E. H , 177 
Green, F. O., 000 
Green, J. P., 107 
Grew, L. D . 311 038 
Green, B. J., 782 
Grelff, 

□renno. H . 408 
Orjelv, J.. 524 

SW. MO. OM 

arignittcl.V. 790,811. 818 
GiiigiTiiiM. P, H . 8 , 94, 207 , 517, 
5137 510 520 . 522 . 524 . 520 . 527. 
533, 539, 017, 640, 008 670 , 671, 
083, 084, 800 
Grombnch, A . 828, 830 
Grranbftuh, G , 3M 
Groeee, A., 877 

Oroeee, A. V., M. M ^7, 400, 
403, 400, Ml, 502. WJ 738, 7«. 
743, 708, BOO 831. 825. 376. BH 
Gromkiniiky, O., 535 


Qi Qtemut, W. H., 080 
Groves, L Q., 381, 307 
Gravea. W. W., 213 
Gruber, M., 805 
Grunewald, E., 624 
Omen, W. A., 770, 8S4 
Gnitenng, H., 342, 848 
Grynwaeeer, J., 050, 065 
GubeLmann, 1., 531, 527, 628 
Quilbert, J., 120 
GuUe, R. L., 184, 028 
□ukhman, L. A., 303 
Gulali, K. a, 385, 727, 730 
Gump, W., 105. 100 
Gunther, H.^4, 080 
Oulowitacli, W. von, 64 
Gurewitech, A., 178 
Gurin, N.. 043 
Gun, C. 0., 84, 00 
Ouatavaon, G., B, 88. 54, 55, FO 
84, 88, 01, 07. OS. 100, 101, 102, 
205, 000. 722, 723, 762, BOO, 825 
844 

Guvot, A., 133, 190, 230, 241, 240, 
307, 453, 490, 517, 535, 032. 034 
074 

GvMdpva, O M., 849, 852. 854 

Haag, W., 801 
Haas, P., 205, 207 
ITapkspili, L., 355 
Had dan, R , 802 
IlndlpT, B. C., 188 
Hnfelin, H.. 212, 221 
Haphl. 205 
Haenel, W.,4B0, BIB 
Haeuber, H., 801, 884 , 835 
Ifapusacrniann, J., 783 
llaRpmann, A., 803 
Haglund, T B , 857, 804 
Hahl, H., 060 
Hahn, C., 501 
Hahn, D, A., 580 
Hahn, F. C., 628, 540 
H ahn, F. L. . 332 
Hahn, H., 415, 423 
Halabarda, A., 298 
Hale, W. J.. 215, 220, 230 

hSiI; ^.^wTbSO. 827 . 834, 850 
851, 852, 850 
Hall, R. D., 850 
Halla,O.,BB7,613J24,570 
Haller, A., 138. 106, MO. 240 307 
411, 453, 517, 585, 640, 032, 834 
Halloran. R. A., 801, 802 

Halee, 0. M , 80. 108, 001 
Hamid, S A , 709 
Hammond, P. D., 168 
Hammonrl, P. O., 005 
Hampe, Wm 22 
Hampton, W. H , 814 
Hann, R. M.. 265, 509 
Hanna, R. W , 820 
Hanriot, M., 120 
Hanachke. G., 392 
Haiisdmasw, F.. 658 
Haneen, A. von, 380. 701 
Haneen, H., 16 
HanegiiVi ^>9 
Hane5nrn..227 311.6.15 
Hanteioh, A., 230 
Herder, M., 810 
Hardle. D.W.P. RaB R^'O 
Hardins, E. P.. 698, 309 
Harding. V. J., 331 
Herland, J. Cm 580 
HanDDO, J., 

Harper, B. H. 401 
Harries, C , 807 
Harris, E. E.. 147 , 641 
Harrto,W. E.,298 



890 


ANIIYOROVS ALUMINUM CHLORIDE 


Uarrap, D.^ 546 
H»rl, W. F.. 881 
UnriuMdi, H., 558 
lliiTiiNrh. W.,588 
Hurtle, P . 511 
llMiiniBn.W W,, 55, 154 
Hartifiann. C\, 885, 7519, 725 

HaiiiiiBini, H , 455 
Hnriunic. W. It , 211, 709 
Uartwioh, F,. 383, 849. 387, 889 
Harvpv, J., 412 
Huarawa, C., 780 
Hii£i.K..8ie 

Bulcrwo^, G. A. D.. 487, 488 
Rub, H. B., 157 
Haaoribach, P., 54 
HaHBBlatrnni, T , 890 
Hattori, 8., 787 
Hauhar, H., 903 
Haiiadorfer, E., 342. 843. 507 
HauBRmnBniii^J., 085 
HoutaffPiiiIle. P., 900 
Havu, E.. 385, 438. 427, 509 
Haworth. R. D , 817, il53, 5&f, 
580, 691 

Hayuhi. M., 814, 359, 583 .155, 
550. 557. 783 
Haycluek, M., 08 
Haaillpy, W. N., 194 
Heap. W., 804 
Hedrick, Q. W., 038 
Heidelberger, M.. 233 
Reirlmreich, A , 232. 233 305 

907 

Heidenreioh, R.. 552 

Heiili-r. K., 413, 423 

Noilbroffi, 1. M., 412 

Heiniaji. O. 0., 838 

Heine, R., M, 85, 714 722 

HeJbersar, J. H., 495 

Heller, O., 55, 225 513 117 .111. 

520. 524. 527. 528, 520, 007 
Heller, H. H.. 800 
Heller, J., 370 

Henderann, H., 825, 850, 803, 803. 


HeoderBon, W. E , 55, 800, 825 
Hendry, C. B.. 727 
Henkela, S., 280 
HaniM, A. L., 227, 775, 778, 907 
Haorard, J. T., 802. 821, 728 
RenrikiHm, A.. 880 
Henriquea, O. M., 852, 805 
Hanaincer. W , 55 
Heppemitall. M. R., 268, 851 
Hrraey, 0., 5M 

Heritase, Q. L., 247, 249 , 343. 
450 , 4n 

Hermahii, L., 502, 045 
Hermann, W. O., 8lK 
Hermana, P. H., 510 


Herold, V., 820 
HefTmann, W. O., 499 
Hambbeiir, E. B., 200 , 206. 207 
412. 878 

Harateia, B.. 102, 107 

Harthd, E. C., 848 

Hmenbergp J-t ^7 

HenMm, — , 252 

Hub, K.,aBr 

Heuider, P., 8». 8M 

Hewett. C. L. 278, 412. 478. 487, 


480, 525. 589, 715 
Hoy, D, a., 288, 344, 500, 800, 
iU. 040, 008, 708, 783 


Heyaa, J. F., 15 
Hevne, G.. 104. 200 
Hibbert. H.,81T 
HMgar.l..588 
HiMcmpmam, A., 5M 
HiSiM. E. W., 644, 547 
HlRMt.Q.B,. 254 .e 00 


Uildndieuner, A.. 250 
HiUUteh. T. P.. 351 
Hill. A.. 411 
Hill, A J..30S 737 
Hill, n \\.,66l 
Hill, .1. H , 800 
Hill.J W. 576, 504 
Hill, P.. 580 
Hilleman. II., 412 
Hilliaer, B.,a94 
Hiliiiei.F. B., 700, 801 
Himel. B., 180 
Hinimer, K , 000 
HinefEonlner, W. B , 835 
Hiiikel. L.007 

ITmkel, L, E., 30, 001, 000. 008 
Hinlun, H. D., SH 
Ifiianu, J., 528 
Hirano, A , 813 
Hiiarhberk. J.. 801 
Hitiid, H.. 458 
Hjerpo. E. B., 770 
Hniada, V.. 55. 770 
HfJcUwuh. C A., 910, 813, H14 
Hodge, E H.. 157 
Hmlsr, W W., 306. 817, 327 
Ilodgkiiifion W K 4.54 
Hoitje. R . 26 40 
Hrmel, H , 179 183 
Himig, M , 115 

Huffman. A.. 102 103. 480 483. 
484 

lloffmnnn, E ,230 , 231 232 
MiifFiiianfi, E J , 377, 917 
Hoffmann, F., 878 
Hfiffmann, O., 520 
lloffiimnii, P., n5 
llfifinmin, A , 5S.5, 545 , 540 
Hofmann, F., 203 
Ilnfmaiin, O , 801 
Ifollninaii, A F., 802, 011 
Hollriwa\,J H . 597 
Holm, M M , 951 
Holmee. H N . 834 
Homer. 110. 113. 11.i 110 

000, 715 722. 723 
ITnnnld R.. 498 
Hwivit, r O , 802 
llopff. H . M. 201. 300 301. 370 
302, 470, 470, 490, 602, 744 , 745 
740. 751, 703 700. 767 , 760. 79.5 
819 

Hopkina, R I... 100, 082 
Fforlarher. T vnn, 00.5 
Hnm. A., 818 
Hiirrnn. h , 601 


Hoiiben, J , Wi, 801 
Houk. A V., 629 
Hoiilx, R. C , 805 
HovarrI.F. A.. 700 
Ilowella, H. P., 805 
How’pb, D. a., 801 
Hnieh, T. Y., 018, 010, 030, 030, 
638 

Heieh, Y., 622 

Himng, Haian-Yun, 115, 176, 177, 
432, 458 

Hubaeher, M.. 686 
Huber, H., 047, 006 
Hurinn, R., 412 
Hurlaon, C. B . 774, 701 
Hudson, R., 257 
Hdckel, W., 01 


HiImI, R., 248 
HUramaon, 0., 14, 18 
Hugd, O.. 800 
HughM Q.K..tl9 
Hulin.P. L.,864 
Hiiffa. G., 803 


Hulater, J. de, 860 
Humphrvy, T. W„ 861. 801, 805 
Humphrey. I. W . 708, 813. 828 


Hunt, A. F., 65, 171, 173 
Uunler, A. K., 395. 412 
Hunter, Jl F., 571, 591, 303 
llimter, T. U.. 838, 840 
HunUn, W. II., 797, OOO 
Huiilpr, W. W..790 
Ihiimman. Q., 002 
Huid, C. D., 255 470, 4H1. 790 
lliuu'hei , M. K , 773 
ITiittuii, H r., 142, 147, 1B3, 154 
017, 019, 010, 020. 022, 023 024 
526. 038, 030, 030. 041 
Iliitehina. W, A., 727 
lluth, M , 320, 728 


Ibing, G , 836 

iL’hapfjriH. VI n , 154, 195, 382 
IgnBt\uk>MaiAtienko, Y A .540 
Immendorff, H , 84, B7, 110 42'l 
4.54, 040, 714 , 722 
fincil n, M , 708 
lining, C) V., 810 
lltHRHki. R , 161 
Ingnld, C K , 61 

liiamhank, J, N , 55, 88 DO, 017 
619 

lonrsru, C. N , 69, 60, 124, m 
277, 287, 458, 737 , 745 , 740. HOI 
Ipalipff, V N.. 55, 00, 73 75, A1 
84, 06 . 457 , 460, 461. 402 405, 

409, 501, 502, 019 , 002 , 714 722 

723 , 737 . 738, 741. 742 744 , 708 

790. 790, 708 , 800 821 823 , 82'i 

875, B77 
liiiiev, N. 560 
IrniiHch, G , 412 

le&eeacii, T). A , 68, 60 121, 124 
190, 277. 287 . 430, 454 , 604 , 740 
744, 745, 765, 876 
Inagiilyantn, V I 407 027 
iMgariKThew, N 20 
IniiiRurn, T , 580 
Inhikawa, H , 9M 
iHtiikiiwa, 8 . 020 024, 026 
laler. M. H., 035 
latrati, C I., 459 
Ivanova, L.. 837 
Ivanovoki. B. V., 771 
Irhnkov. V. A , 23 


card, G., 841 

cHon, B. H,522 

caon! E. R B., 283 , 344, m 

0, 753, 

>b, H , 578 
>b!, H.,28 

5 bunl^a."S? 84 , 86 , 91 221 

ibaSI'B^H., 620. 521. 524 

ii/iM, taa 

tftji- 0., 41111, 813, 884 
888,884 

■wn, k, 888, IW, T03 

Hra, R.. ai 

bert, O. P.- 167, 561, 03/ 

eta. M., 004 

ruiv. M., 813 

elm, B., 570 

kina,V. 5 f.,«M 

»tcW 4 «, 833 .r. 7 d 

Staija: 



AUTHOR INDEX 


891 


JnhBmiMn. F.. BOS. MM, BBB. 844, 
858 

John, F.,MO. 280. B81 
John, H., 8M, 78S 
JobniMMi, C., 848 
JohnnoDj G. W., 58, BOl, 819 
Johnson, J. D. A„ 178 
.lohnson, J. M., 701 
Johnson, J. R., lOB 
Johnson. J. Y., 787, BOO, 801, 814, 
810, 88^ 88B 
Johnson, 758 

Johnson. T. B., 284, 808 , 317 
325, 887, 328, SOB, 802, 000 
Johnson, W. fi., 418 
JnnsB, O., 884 
Jones, D. C., 801 
JniiBS, H. O , 800, 723 
Jnnps, R. L., 728, 7B0 
Jones, R. N.. 521, 825 
Jones, W. J,, 80, 65 
Jones, W. S., 810 
.Ionian, Tl., 818 
JniK, H.SIO 
.Innssen, W. P., 15 
Joseph. A., 834 
Joshel. L. M..4I2 580, 593 
JiMtrs. F., 800, 802 
.Tuhenuann, O , 40 
.ludefind, W. L., 214, 2l5 
Junff, F , TOO 
.Tungholt. K., 549 

.Tunrv, J K . ses Yuifv, Y. K 
Jiirhiewirs, J., 821 
Ju^t, A., 570 


Knble, W. A , 055 
Kablukow, I., 59. 101 
Ka£er, F., 148, 150, 285 089 
Karsnrowski, A., 47, 852, 805 
KaHilfr, H., 802 
Kslilenber|[, L., 791 
Knhn, J,,845 
Kaiser, J,, 524 
Kall^he^'skv, V . 813 
Knlisrher, O.. 498 
KbIiIs, P T , 87 
Kallner, G., 890. 412 
Kama! Q., 170. 191 
Kammnans M. A , 17, 18 
Ksmienski, L., 120 
Knmr. J, van lie 288 
Ksnithong, R , 453 , 700 
Kune, IT. T. ^ agi 
^8np, T.. 708 

KanKi,R.,4»9 

Kanin-o, W., 848 
Kaplan, E. P., 788 
Kappeler, M., 129. 403 
KarsHtaosis, T., 39 
Kwdos, M.. 280. 458 
Ksrna, H. C., 818 
Karpenko, I. M., 60. 122 
Karpukhin, P. p., 827 

P-i 148. 140, 190, 199. 270 
fftai-hau, A., 107 
hajhtnntiv, L. I., 074. 085, 877 

J. L., 857 

605^™“"“' H.. 330, 838. 829. 330. 
Ktiufmann. A., 081 

K«irsrai‘-''A-.W 


Keku14, A., 94 

Kelbe, W., 80, 84 

Kejkar, G. R , 099. 709. 733 

Keller, A , 235, 240. 412 

Kpllennann, H , 740, 751, 785 

Kelso, C. D , 255. 481 

Kendall. J., 17, 43 

Kennelly, R. G.. 590 

Kenner, J., 01, 07. 85, 212, 218. 

220, 204, 509 , 709, 723 
Keppirh, P . 287 
Knrez, C.. 770 
Kern, W., 105 
Keiner, W R., 229 
Kersliaa , A , 301 
KeMunr, J A. A., 12 
Keunerke, E., 20, 30, 835 
Khainiaii, 8 B38 
Kliakm, A A 
Khnrnseh. M. R . 86, 773 
Khorin, A. P., 852 
Kliromriv, 8 I 813 
Kibler, C. J , 243 
Kimura W , 210. 474, 475 
Kuir, K j 477 400 
Kinir, G H , 834, 850. 858 
Kipper, H .841. 343, 533, 589 
KippiiiR, F R , 55, 173, 305, 411 
Kippina, R 212 
Kircher, G., 840 
Kirrhof, F.. 818, 819 
Kirpnl, A , 387. .570, 57l 
Kir^rhhsiim, (■ , 270, 204. 205 
297, 525. 

Kisrh, R , 052 
Kishi, N . 819 
Kishner. N . 433. 4.53 
Kisi, T., 802 
Kitanka, K .853 
Kilt .\f,374 

KUaes A , 84 210. 218 221. 222, 
224, 245. 303, 300 307 320 
Klarmann, E 183 . 708. 700 
KlasinBa, W M., BOO 
Klelianskii A. L . 704 
Klein. A , 145 

Klrnika, A J , 50. 210, 040. 084, 
783 

Klemm, W , 10, 18, 22 23, 37 
Kirssrs, A , 208 
Khogl. A.,423, 647,000 
Kline, n. 799 815 
KIihr, a., 005 
Klinir, K , 821 
Klingemann, F . 247 
Klinaer M , 207. 540 
Klipstein K. U . 844, 840 
Kilt, A .01, 03 
Klnbb.T.,501 
Kloelsel, M C , 412. 490 
Knapp. W . 311, 365 370, 373, 
439. 453. 454 
Kiiebel, K , 859 397, 458 
Knecht, O , 726 

Kneseliaek, A M v. d 521 540 
Kniepen, E , 270 
Knoevenairel, K. 264,509 
Knnwies. C h 156 
Koherle, K , 640 
Kobiiii'skaya, M V , 788 
KiM-h H . 400, 802 , 829, 830 
Kiich, J. A , 596, 599 
Rorh, W.,845 
Kobner, M., 000, 005 
KwIpMi, C. F., 340, 247, 412, 453, 
480 

Kiieliiismiil. W A A B . 800 
KhmiE. B , 319, 023, 325, 380 
KcieniB G 380 
KnaniRH. W., 1.59 257, 310 
KiH4kiKeln*ri|ier, F , 182 
KfielseliHii. Jl.. 723, 827 
Knfan, T. M., 539 


Kohler, E. P., 19, 04, 55, 313. 

m, 247, 349 84S, 408, 482, 088 
Kohmaiui, E. F., SM 
Kolin-Abrest, E., 840 
Kohn, M., 130. 094, 095 
Kokatnur, V., 142, 147 
Kokatnur, V R., 041, 042 
Kolhatkar, G. B., 851, 509 
Kollin, H., 84 
Kolli^, A , 454 
Kolinayr, H., 292 
Komarewskv, V. I , 55, 09, 722 
738, 789. 742, 790, 800. 823 
Kcrniatsu, S., 791 
Komovskii, G. F., 802 
Knnippa, G., 200, 375, 398 
Kon, A V., BIB 
Knn, G. A. R.. 275 
Kon, N., 250, 283, 305 
Knn, R., 638 
Kondakov, I., 754, 800 
KnnmR, D. A W., 164, 105 
Konowaloff. M., M, 05, 00, 121, 102 
KrmBtanhnov, M. M., 802 
Knnpal, R K , 216, 217, 239, 231 
Kiipelpvirli, G V , 834 
Korcrvnski.A., 590, OlD 
Kiimhhim, I , BB 
Koftnelski, 0. 153, 161 
Knshrlev A F., 789 
Konlov, N B., TfB 
KrMtnnneki R V., 305, 319 323, 
325, 330. 336, 877, 379, 727 
Kutav, V. P , M2 
Ki)ttpnhtilm, W , 230 
KnwaNki 1.. 26, .50. 104, 870 
Knxarik A P., 103, 171, 484 
Knrak J 578 
KnHnv, N. S., 703 
Krttnipwaki, T . 570, 579, .583 
Kraempr, O., 235. 807 
Krnfft. E , 433, 453 
KrnfTt, F 104, 107, 212, 221, 804 
323, 380, 881. 701 
Kiannirli, 0 , .500 
Kmnzlein, G , 3 155. 292, 507 
510 580 , 0.50, 055 
Kranzlpin P., 871. 385, 530, 537, 
538 543 

Krapivin, B., 752 
Hrnsp. H ^ 170, 405 
Krasp, N. W., 597 
Kmti, B., 525 
Kraunh C., 821 
Kraus, C. A., 20, 55, 7M 
Kiebs, E..50B 
Kreitser, G. D., 814 
Krekeler. K.,872 
Kremann, R , 774 
Krepelka, H., 20 
Kreprika, V., 080 
Krishnamurti, P., 877 


Kritchevskv, ^-1 55, 140, 147, 192, 
041 

Kroeger, J. W.. 113. 182. 198. 

203. 432, 467, 504 , 032 
KrnllpfpilTer, F., 287, 375, 395. 

412. 424 427. 435, 404 
Kronhprg, H., 55, 205 
Kiirhler — . 596 
Kuczvnski, H„ 284 
Kiipzvnski, L., 284 
Kudiyavstcr, A. T., 723 


Kuphn, E , 818 
Kiientiel, W. E ,801, M2 
Kneel, R , 110. 113 137 
KiiKHseii, F. V., 860 


Kuhn, 828 
Ku1iii.M.,162. 305 


Kiihnp, -.732 


Kiiliininiiii, F., 723 
Kulonknniijfr, A., 171 



ANHYDROUS ALUMINUM CHLORIDE 


Kune. J., ftU 

Kun^l, F.. 186, 881, 380, 889, 
IS8, aoa, 960, 800. 881, 881, 

889, 848, 844, 888. 808, 804, 

800, 880, 884, 888, BOO, 080 
KuntM-FaelinBr. M., 115 
Kiuu, A., TTIj^l 
Kuna, E. C., 784 
Kuna, M. A., 040 
Kuna a, 800 
Kuphul, R., 418 

Kurodn, C., 808, 814, 817, 830, 
or, 888, 884, 885, 888, 581, 

588, 588 

Kumnoff, N., 188 
Kununov, D. N., 070 
Kuruindin, K. B., 401 
Kuti, W. M., 170, 818 
Kuula, O., 818 
Kvitnitskii, A. B., 850 
Kwieoinaki, L., 883 
Kyiidn, L. P., 98, 015, 090 


Ivabbordt, H., 488 
LabouchoK, A., 000 
LaohmaD,A.. 885 
LaCosto, W., 171 
Laeour^ A.,830, 714.738 
Ladd, E. C., HO 
Lartigina, L, V. , 60. 138 
Laar, M. van, 147 
Lagodaindki, K,, 588, 558 
Uiwalla, M. C.. 009 
Lanimerhirt, £.. 434, 453. 482, 
498, 700 
Lampe, V.. 877 
LaadEMnii, P., 487, 571 
Lana, F. W., 008, 000 
Lang, A., 834 
fisng. R., 108 
Langbein, C., 841 
Langbnn. G., 585 
Laogadiik, B. L., 801 
liangaaaal, M. J., 785 
Lancrtath, A., 61, 98 
IdinaB, E., 884 
Lancn, H., 189. 012 
Laracm, A. T., 597, 708 
Laabkarev, W. E^ 12 
LaMmann, W.. 487. 571 
Laatovakii. R. P., 157 
Laiighlin. K. C., 818 
Lavaux, J., 55, 109, 118, 115, 
119, 188, 184, 428, 480, 455, 
454. 048, 782. 788 
LavTCM^akii, K,. 409, 782, 798 , 839 
Lawranca, C, A., 476 
Lmranca, W. A., 514, 549, 550, 

LaUmoD^C. A., 525 
Lawann, E. J.. Ill, 783 
Uyfaiid, E., 818, 831 
Lea. H. t, 887. 851, 801 
Laamon, W. G., 884 
Laar. C.* 809. 813, 884, 820 
I«ehi«,P..il4 

rug 

Ud«,L.,ni 
Lad«n^H.,n 8 
Lahr.PMlnndorir, L., 480, 740 


ba, 8. W.. m 
L^an, R. van dar, 888 
Laandtflae, J, J., 771, 798, 800, 
US, m, 815, 818 
Laai,F.H.,874.78] 
r4eFevre,C.G.J7,88 

uteajf A 

T, B. M., 187 


Ldfonann, W., 887 
Lompai, H., 888 
lAenko. J..M4 
Lena, M., 157 
l..enBner, A., 371 
Lao. M.. m 
Leonard, M., 880 
Leonhardt, M.. 500 
Lepiankeeriea, S.. 185 
Lerqiynaka, I.^TSB, 800, 888 
LeRosaignol, R., 884. 850. 800 
LeRoy, A. J., Oil, 098 
LcHoyer, A., 544 
loeMer, R., 370. 488, 487, 458 
Leaelle. M. S., 855 
Letaky, B. L.. 585 
Ijeuckart, R.. 847, 874, 500 
l,ei'i, M. Q.. m 
Le^'ina, R. Ya., 723. 783, 781 
Levina, A., 778. 775 
Irvine, I., 608.84 
Levy, A., m 
Levy, G.. 278, 584 
l,ewiowna, P.. 129 
Lewia, W., 172. 101. 483, 453 
I^ie, W. C., 1R4. 620 
Lewis. W. H., 182 
I^ewia. W. K.. 7M 
r,pwiii. W. L., 50, M9. 270. 788 
E.. 78 

Lirhtcnetem, R.. 814 
Lirkroth. Q., 218, 81, 28, 84 
Litlov, A. P., 703 , 828 
I leher, E., m 

Liehermann, C., 295, 273, 38, 

288. 284 . 285, 288, 290, 81. 

240. 344, 437 , 48. 454. 606, 

728 

Liebig, 3. V., 10. 840 
r.ieinrd, J. A. M. van. 15, 16 
Lie«e. K..a34 
t.iglenherg, IT. L , BIS 
Ligunri, M., 412 
Lilienfeld, L.. BIB 
Lininve, 1) B , 68, 709, 733 
Limpricht. II., 38, 280. 241, 255. 
257, 800, 807, 38, 458, 584, 

535, 58, 584 
Line(4n, B. R.. 839 
LindennHiim, R,, Ul, 600 
liindner J., 170 
Lindwall, H. O., 101 
Linebarger, C. K.. 120, 454 
Linner, F., 181, »2. 208, 467, 48 
Lineiciid. R. P.. 418, 613, 788, 700 
laone, F., l8, 1M. 589 
Lipinaki, F J91. 834 
Llppmann, E., 87 
Lipechitx, A.« 58 
List, R., 868. 440. 48 
LiatoD, T. R.. 08 
Littmhaid, F. M., Itt, 041, 044 
Livovaohl. V.. 48 
f.ivabiti. 8f. B,, 78 
Lloyd, E., M. 55 
Llovd, K J.. % 87 
leader, n. J.. 

Ixiftni. W. JW 

LofUi, W. B.. at 

Lombanl, M.. », >09, >», IM, 

Lone', 190, 199, 199, 191 

I.on«,C. N.,ni 

I,mw C.P..lir 

Longnini, B., 709 

Lm-ber, N.,612 

Loranx, H. Jill, 7N 

loorriman, F. R., 88 . , 

Logohkqmoialkov, A. 1., 78, 791 

i2llL!V!*ii,3 w, 7f 

Lovdl, W. G., T8, 78. 18 


Low, 3. A., 58 

Lowe. W. G., 78 

Lowaiibarg, B.J Ml 

Lowes, A. Pm te J8B. 842 

Lowly, C. D., ira. 191, 483, 453 

Lowiy, T. M.,N, 8 

Lowy, A., 110, 88. 81. 497, 625. 

571, Ml, 68, Osi, 84 
Lowy, J., 075 
Luba. H. A.. 156 
Ludwinowaky, S., 81 
Lttttiinghaus, A., 285, 68 
Ltuoran, B., 648 
LukHhev, V. L., 865, 8l 
Lukin, A, M.. 650 
Lulek, R. N., 054 
Lund, A. P., M 
Lundquist, J. T., 170. 18 
Luna. Eli, 18 
Luther, F., 055 
l.uthi-r, M.. 413,428 
Lutx, R. E., 230 . 237, 213. 243, 304, 

875,583 
F.ux, A. R . 8 
Lvean, W IT., 525, 84 
T.>oiiii, R E., 154, 157. 433, 453 
Lyubimova, N. B., 723 


Mnbery, C. F., 87 
MrAfee, A. M., BN, 81. B2.V 

84, 885, 846, M7, MB, 850, 851, 

81. 82, 88, 864 
McColm, E. M., 182 
MeCnrklp. M., 82. i77, 470 
MacT)ougBll. F. H., N 
MoRlroy, K. P.. 803 
MeOMhen. J. F., 8. 84, 01 
Maehek. Q., 564. MB 
Machida. K . 850 
Machlia. B., 281 
Melntoah, t) , 28 
McIntyre. G. H., 27 
M^Kay. W. B., 2M 
McKee, R. H., 474, 860 
MoKwver, C. II , 13B. 282 
MoKensie. A., 245 , 840 , 264, 278, 

491 

McKensie, J. P., 68 
MoKittrickjD. 8., 

Ma^aren, F. U.. 81, 58, MB 
McTiaugliiin, R. R , 564, 808 
^vscMillan, A. H., 5B7 
McMullen, T. C., 55, 514, 524 
MarPhillamy, H. B., 275 
MeVey, W. C.. 788 
MeWaten, L. B., 55,88 
Madeluiu, W.. 15 
Maeda7G.08.534,e26 
Maaatti, G., 127 ^ 

Mahanti, P. C., 21 
Maier, C. G., 

!iSil5S'.*]a"'90j. ooi; om, im. 

991 , BBS 


Mai Una, R., 817 
Makaeva, Z., 798 
Makkink. 3.V.,W 
Makiorow, B. V., BIB 
MUinovakii, M. ***• 
Malifoir. W. M., 594 
MBllatt,B.,M7 

Malion.P.^W* 

Main^i Bti Ml 

Mandsnoy, M. E.. 
Manavit^, B., 871 
Manlay. R. Ey IW. M2 

fisrsrsli.* 



AUTHOR INDEX 


Marohlewikit L.^ 570, 570. 588 

Marooni, M. A.JW 

Mftroii0BOi^ J., 571, 874, 558, 472 

MHdi0k,i*..,8lU6f 

Marea, J. 5M 

Margraf, Q., 202, 288 

Mariotti, A„ 885 

Mark. H., 810 

Marktr, R., 85 

Marling, P. E., 810 

Maron. D., 257 

NCaraebalk, C., 877. 034, 500, 563, 
053 

Marshall G. Q.,855 

Maishall. J , 708 

Martegiani, £., 817. 834. 335 

Martin, £• 394, 412 

Martin, H., 600 

Martin, L. F , 65, 200 

Manuioaka, M., 275 

Marvel. C. S , 117, 120, 400, 473 

Miitplli, a, 041 

Mason, F, A„ 882 

Mturm. J.. 823, 824. 825 

Mason J. P., 130 

MalP B. O., 184 

Mathiowets. H., 523, 544 , 540, 550 
MntiEnrm, C., B4B, 856 
Mataukinna, T , 302, 817, 320, 
327, 334, 385 
Matsumura, K., 380 
Miittea. W.. Oil 
Matthews, M A . 188 
Mauldin. W. L., 700 
Mbuss, W., 811, 080, 080. 000. 

007, 600, m, 708, 788 
Msuthnvr, F., 805, 810, 820, 825, 
333, 886, 600, 724, 737, 728 
Mauthner, N., 000 
Mavnick. Q. M., BU. 841 
Mavin, C. R., 300. 685 
MaAitv, J. M.,409 
Maxwell, 0. E., 600 
Mbv, 0. B., 535 

Maver, F., 107, 215, 220. 220. 
229, 281, 278, m, 290. 838, 300, 
395, 306, 412, 428, 427, 641. 555. 
^ 557, 571, 572. OOfl. 040, 054 , 089 
Mayes H. A., 138, 129, 751 
Mavfidd, F. H., 184 
Mavo. A. F. B , 779 
Meerwem. H.. 01, 096, 976 
Mphrlander. A., 420, 427 
M'-hta. C. R . 719 
Mewenheinier. J., 227, 111 
Mwsael. N., 2*1 
Mnister, M.,450 
Mrlnlkov, N. N.. 157, 781 
M'nurdehl H , 40 

^n^kutkin, B. 29, 29, 99. 
<9. M, 50, lio, 300. 107, 
!l78 

Mereklin H.. 53, 110 
Merritt, D T..148 
MtT*. V., 940 

Mpshrlipnakoo, A. 'P., 788 
MpttpaBM,H..609 
^•“vrr. R, 40 J 24 

"““■gS.**’ “ 

“•'VW. L.. T7i. m 

m, IIJI, U), }]1, 

^ 

^•'■hlina. h. i!.^, 311 


Mulgley. T., 807 

Miegand, W.. 052 

Mikeriui, L. A.. 111. 213, 282, 811 

Mikhlin, M. E., 708, 889 

Mikhnovakaya, — 703. 830 

Mikolajosyk, J., 844 

MilledKe. A. F., 412 

MiUnr. H!.. 700 

Millsr, U. R.. 17. 43 

Miller, M. W., 071 

Miller, B. P.. BOO, BOl 

MUlar, W. f., ng 

MUlican, C ]]., 90, 4S0, 4U, 002 

Millman, S., 87 

Mills, L. E., 182. 405 

Mills, M., 668 

MUls.W H.,568 

Miner, r G., 854.850,861 

Minor, C. S., 818 

Minnie, W., 871 

Mitchell 1). R . 391. 530, 072 

Mittag, E.. 165 

Mittor, P. C., 304, 814, 318, 583, 
535 , 650. 730 
M uhlan, R , 155 
Mrildamke, K., 155, 423, 427 
MWilduvski, B L . 788 
Mnnibaur, A. 300. 427, 371 
Mnnd, A. L . 743. BOl 
Monnsznn, A M.. 851,861 
Monroe, G J., 26 
Monlagne, P J , 8, 211, 213. 217, 
224 , 227, 223, 230 , 232. 251, 
257, 276 

M onteglas. G. R de, 855 
Montgomery. E., 602 
Moody. H. R.. 834 
MuomsW, W. A .341 
Moore, G. V.. 818 
Monre, R J . 722 
Moran, R 0., 475, 837 
Moigan,F 11,84 
Morgan, G T., 224, 508, 509 , 555. 
606 

Morgan, N. M. E., 709 
Morgan, W. H., 601, 006 
Morikawa, 1 , 556 
Morrell, J C.,652. B35 
Morns, C J. O. R., 170, 191 
Moschinskaya, N. K, 862 
Momdtig, E . 288, 344, 859. 868, 
412, 586, 672, 724 
Mneeew. J , 125, 192, 276, 296, 
651, 654 

Mounevrat, A , 120, 122, 454, 610, 
778, 774, 778, 780 
Moureu, C., 213, 223 
Movat, E ,159 
Moyle, C. L., 85 
Mpetae, St K., 55, 618 
Mroiinski, W., 590 
Muller, E . 294, 412,423 
MUller, K., 381 
MUUer, N. L., 130, 094, 095 
MQllsr, ^ 273. 296 
Mtlllei, W., 322, 484, 453 522, 527 
Mu^ler-Cunradi, M., 709 
Miiller-Dardoff, K., 528 
Muggieton, G. D., 858 
Muhammad, S. M. M., 573, 501, 
593 

Muhle, G , 280 
Muhlert, F., 374 
Muhr. F.. 584 

MukhWjM. H., 804, 314, 318 
Mulliken, R. S . 65 
Mundiei. C. M., 85 , 598, 599 
Muroh, W. M., 527 
Murray. R. R., 049 
Muffinlman, J. M , 834 
Muth, a.J59_^ 

Mus. L., 298, 299 
Myortit F> Jm 161 


N Bgd, R. H., 517, 627, 617, 008, 
670, 683 

Nahke, A., 198, 199 
Nakamura. T., 814, 317, 882 
Nakasawa, K., 609, 729 
Nainetkm, 8. 8., 466, 692, 800 
Namikawa, H., 650 
Naphtliali, M., 849 
Nv^d, K. 8., 579, 687, 689, 

Naeh, A. W., BOO, 823, 824, B25. 

888 840 > » 

Koatjukoff, A., 042, 648 
Natelson, 8., 467, 400, 502. 710 
Naumann, A,, 20 
Nawiaakv, P., 525 
Nasarova, Z. M„ 026, 028 
Neal. H. R„786 
Nealon, T. F., 814 
Neeley, A., 184 
Neelpv, A. W., 800 , 834 
Npf, J. U.,150 
Nekiassow, A. 8 , 784 
NekiasBDW.W. W., 784 
Nnknch. M. I., 852, 858 
Nellrs, J., 700, 701 
Npiniiiaki, W , 08 
Neiicki, M., 876 

Nenitsescu, C. D., 8, 08, 60, 71, 
07, 121, 124. 129. 143, ISO, 277, 
287, 430 , 454, 457, 470, 477, 

490. 064 , 695 , 787, 740 , 744, 745, 
746, 747, 740, 750, 756, 750, 

760, 765, 706, 788. 790, 792, 821, 
823, 864 876 

NiHiMoiis, W.. 524, 620, 539, 542 
Nespitol, W., 15. 65, 08, 210 
Neubergar, W., 533, 586 
Neumann, H., 054 
Neurath, G., 854 
Neabrry, E., 804 
Npa'man, H., 728 
Neaman, M. 8.. 227, 412, 503, 778 
New Ion, H. P.. 520. 526, 527 , 528, 
084, 869 

Neyman-Pilat, E., BOO, 802 
Nicholas, B. D., B47 
Nirolet, B. H., 473 
Niedcrl, J. B.. 631 
Nieman^J. B., 813 
Nieten, R. 808, 304 
Niouwland, J. A., 782. 877 
Nifontnva, S. S., 793 
NiRgcmann, H., 691, 722 
Nightingale, D., 68, 84, 85 , 91, 
04, 221, 501, 675 722 723 
Nilson. L. F., 18. 19, 846 
Nirovkina, T. V , 7H8 
Nndzu, R., 499 
Noelting, E., 457, 463 
Nold, E., 221 
Nnll. Wj 423 

Nciller, C. R., 668. 671. 868 
Nonrduijn, J., 813 
Nnrmington, J. B , 684 
XoiT.W.148. 150 
Non IS. J. F , 55 , 56 , 59 , 68. 74, 
84, 85, 88, 91. 98. 99, 117, 118, 
177, 181, 210, 213, 231, 233, 283. 
855, 61^, 610, 620, 621, 646, 
076, 677, 682, 684 , 685, 688, 732, 
723, 738, 755, 786 
Noms, R V,, M5 
Norton, J. A , 779 
Nournsson C . 638 
Nijssler, W 388 
Nutting, H. fl , 457, TTJ 
Nvman, Q. A., 290, 893 


0»k, P. T. 803 
Obprh offer, P , 848, 849 
Ot^rlin, M., 724, 731 



884 


ANJIYDROV& ALVMISVM CHLORIDE 


O’Broohte, J.. 497 
OohwBt. P.. 155. 581, 855 
OttkeDburg. H. W. van, 55, 888 
Oekrvnt, C., 888. 888 
Oddo. B., 887 

Oddy, H. O.. 342, 288, 514. 547 
Uentad, H. C,. 848 
Oeptwrlsin, M., 738 
Ofoar, A.p 272 

Ohlmgar, H.. 84, 808, 301, 871, 

o£^i.K.J80, 709 
Olbwf, 0.>is8 
Uin, J. F., m, IBl 
(Jliverio, A., 525 

Olivier, B. C. J.. 20. 28, 54, 55. 
71, 123, 138, 180, 181, 904. 200, 
208, 908. 305, 280, 811. 872 
Omaki. T.,8IB 
Dmura, T., 474 
Ono, K., 708 
Quo, M., 788 
OppanheiiD. A., 591 
Orekhov, A„ 261 
Oriov, N. A.. 885, 728 
ObIov, K. N., 891, 722 
Omdorff, W. R.. 549 
Orth, H.. 888, 880 
O^m. J. M., 460 
oSoraa.W. A., 190 
Omer, j. H., 828. 884 
OtlD. C., 798 
Ott. E., 519. 710. 781, 791 
Otto, M., 790 
Otto, R.. 385, 781 
Ouperofl, V., 888, OU, 038. 709 
Over, J., 800 
Overton, B., 280 
Owen, E. V., 827. 892. 883 


Paee, E., 388, 708, 784 
PaekendorlF, E., 480 
PadgeU, F. W., 828 
Padowa, R.,88a 
Pajeau, R..811 
Palfray. L. B.,012 
PalJtiKh. B., 859 
Pampel, O., 271 
Pan jc. C., 188 
Parker, H. O.. 884 
ParoDo, E., 497 
PenMNU, C. E-JOS 
Paehitnov. V. K., 771 
P etan o, H. J-. 878 

Paoer, M., 814 

PntalBki, R. A., 708, 709 
Pavia, O., 221, 222. 282. 380 
Pawlewski. B., 284 
Payne. C. R-, 834 
Pnamk. B. , 355 

Peehmann, H. von, 518 , 548, 570 
Pednmonte, A.. 804 
PeHe«rini. P., 730 
Pelfcr, H. L.. 848 
l>ance, L.H.,28B 
Pens. H.. 878 

Pereira. O., 789 

Perkin, A. 0^387.881 

Min. W. m. m, 4H, IN, 

m. M, HH, ni 

ParkiM, O. A., TB 

PnUn«,M.A..W4 

pS^; B.V.'m, in. 171, in. 

p:5iin-:?:irj.,»i 

p£T.HO.,m 
peraoa, J. F. J8 
pianita, C,| 5iw 


Peeki, A. J. van, 801. 814 

Peter, A., 872 

Peter. W., 546, 549 

Potem. L. F.,089 

Peters, M. A.. 585, 588. 589, 889 

Peiem, W 

Petersdorfl^, H. J. V.. 541. 840 
PMemon, P. P., 304 
Petenon, R. F., 474 
Ihitrenku-KrtirUenkn, P., 230, 250 
Prtne, P. S.. 778 
Petrov, A. V . 744, 788. 800. 802 
Petrov, D., 878 
Peitprston, O., 18, 19, 840 
Pfaehler, E., 259 
Pfaflfendorf, W., 897, 700 
Pfeiffer, A., 84 
Pfeiffer. O., 80 
Pfeiffer, P., 03 
Phdippi, E.. 220, 585. 500 
Philips, A., 570 
Phillips, E. B., 858. 802 
Phillips, H., 428 
Pliillips, M.. 520. 524 . 527 , 525 
Phillips, N E . 758. 885 
Pick. H., 506, 562 
Pickles, 6. B., 807 
Pictet, A.. 271, 317, 793, 500. 528 
Pier, M., 801, 802, 514 819, 534, 
841 

Pieioni, A., 709 
Pierson, E., 700 
Pmcfiss, H., 818 

Pima, H, 55, 75. 83, 84, 98. 
457. 401, 501. 810, 714, 723, 738, 
739, 741, 788, 789, 795 
Pine, K , 752 
Piiitroaski, W J . 771 
Puiolato, F., 55, 209 
Plant. 8. G. P. 304. 307. 390, 
391. 539, 594, 672 
Ploeg, W . 480 

Plotnikov. V. A . 21, 28. 31. 87, 47. 
nmi,*K , 370 

Plumnier, C A J.. 375, 709 
Poflnlskava, F 1 , 728 , 791 
Podori'an, 1. M.. 21, SW, 50 
Pogorelova, M. G • 798 
Pohl, P., 821, 322. 327 
Pokrovstuva, E. S.. 468. 092 
Polanvi, Al., 81 
Poll, H., 838 
Poliak, 1^287 
Pollard, W., 18, 17, 548 
Pnllfr, K., 897 
Polnziiv, V. F., M5 
Polyakova, O. I , 789 
Pmnnier. M.. 295 
Ponimus. C , 378 
Ponrio, C., 478 
Pongrats, A.. 249. 392, 293 
Poorten, A. C,, wr TerPoortra, 
A. V. 

Pope, W. J,, 783 
Popup. B N., 728 
Popov, P. E.,841 
PiMtfiwsky. J., 848 
Potolovakii, L., 802, BU, 814 
Putnehewansehag, J., 534, 586 
Putter, H. B., 527 
Potts, H. E.,881 
Potts, W.M.. 821 
Pouget, I , U, 818 
PouksKiiK I., 590 
Pouret, C.. 810 
PoahQtseva, E. N., BOO. 802 
Pratt. D, D., 589 
Prell, E., 681 

Price. C. C., 81. 68, 04, 104, 458, 
584 

Prioe, T. Am 782 

Prichard, G. L., 826, 850. 882-4 
Prichard, W. 457, 470 
Prime, n.,T09 


Prina, H. ^ 00 , 208. 987, 773. 

775, 771, m. 7» 

Pritohard, sea also Friohanl 
Pritchard, J. W., 851 
Pritaohe. A., 408, 840, 884 
Prokopem, A., 860 
Prosser, R. A., 527 
Proat. E., 55 
PniLton, C. F., 818, 841 
Prisnietski, V., 148 
Pummerer. R., 150, 253. 472, 676, 

678, 080, 801, 882 
Pongs. W., 801, 803 
Purvis, J K, 722. 723 
Piitinaii, M K , 180 
Pyman, F. L., 709 


Una* N. C., 214, 514, 519. 673 
Quam, G. K , 28 
Quantin, H., 800 
Quayle, O. R., 534 , 528, 562 

Rabo, 11 ., 465, 790 , 601,839 
liiihiuowitscLi, F., 695 
Ituriha, K B..369 
Rar|zicwaiio\isk.i, C., 83 , 90, 122 
124, 722 

Rseck. M . 56. 157 
HaediT, H , 271 
Riililfs, O., 15, 18 
liiihniun, E . 814 
Uuhte. W., 235 
RaicUle, K.. 292 
Uiiisin, (j G , 81 
Hnislnck, 11., 553 
Ualstiiii. A W , 221, 282 . 295 
343, 354, 373, 376, 377, 379. 391. 
811, 81B. 840. 872 
RalMtiin, 6. C . 844, 855, 857, 803. 
864. 865 

Ilaniage, O. R . 412 
ilamavyA. H. 8., BSB 
Jlanibaoh, Om 728 
KniuLall, D. I., 351 
llangHnathan, B , 818 
Rathjen, A., 005, 684 
llnu. M. G.,553.556 
llaudnita, H., 528, 630, 583 
Raval, J. D., 587 
lUv.F. £..298. 341 
Rav, H. C.. 635 

uSK>iMno,'’A!!'lu! Ill, IM. IM 
Rnddelein, Q., 214 
Rcea, A. G., 875 
Refonnatsl^, A., 595 
Reich, M . 835 

Roichhold, H., 183 ^ 

Hetthitolii.T. ,1W- 

"SS; «• 

Rwl},’ ahl.!*?99. 359, 830, 840 
Rrigrodiiki. J . Ul 
Rmlly, J.. »« 

Reilly, J. H., ^4 
Jleinbold, H,, 827, 884 
Reindel. F», IW 
Rnneri, M., 278 
Reinsoh, E , 

Reissinger, B., 892 
Reisenstein, L. Jm 8« 

Rsjnowski, R.i 590 

gS.rF!:^w..» 

5as:WV«».4a 

lUi'm, B. F.. 7» 

Rhsiaboldt, n., « 

nleud,E..m 



AUTHOR INDEX 


896 


Rioo.O.P.,W#.M9.jMfi 
Riobarflion, B. W.. 888 

418,488 

RiddMli W. A., 808 
Rip, O., m 

RiPche, A. J»4; jkM. MB 
Ripti, E.. BOB, 845 
HipvMChl, G*, 208 
RilUet, A.. 88, 84. 87. 214. 228, 238 
i:iRP6. E., 248. 813, 825, 485, 458. 
4B1 

RuitiQ, J.i 298, 2B4 
Hittir. J. J.. 577,678, 581,502 
Rivier, H., 800 
Rivkin, B M., 272 
Rohprti, G , 818 
Roberta, G. 1., 850, 858 
Robertaon, A., 458, 580, 70B, 727 
RoberUon, K. W., 88 
Knbiiuion, A. M . 270, 488, 586, 055 
Uobitibon, J. D., 678 
IlDbiiuion. R , 828, 830, 337. 361, 
553. 580. 682, 607 
Rock, n. J., 700 
HnUden, V J 467 680. 602 
Rne. L. L..436.454 
liom&UM'b. H , 257 
Rnmke, A., 56, 876 
Rover, R , 246 
Rovrn. K. M., 800. 301 
Hoh, K , 866 
Rojahn.C A.. 802. 303 
Renner, \f., 373 
Rniniff, E., 111. 420, 453 
Koee. H , 36, 40, 800 
RwenbiTK, H. R., 201 
Roeeiunund, K. W.. 310, 352, 
853. 354. 856, 364. WO. 580, 696. 
607, 700, 708. 700 
Rooeninund, M., 356 
RrMer, L., 252 
RiMuiNki, W.. 802 
RuHpendowaki, L,, 276 
Robb, K., 165, 104 
Robb, W. E , 130 

Rmlymo, A.. 261, 301, 348, 340, 
500 

goBt, n , 758 
poatowiew, S., 647 
Htwumolf, P., 387 
Roth. W* A., 87 
Rotiiijuic, L., 17 
■trangt, I,., 2TI 
g«util,, 0., 7(1, 800. 811 

c. B., lU, 514, 511, (71 

R^imtem, D., H, M, (8, 84, 

ttiM V*’ I'.' S' ’**■ *”• 

SSiii’.H.'.a"'"’ *" 

5««2ii p.,r8 

8 ?' 

gujwn. 0. F., Ill 
g'llliruff, R. p., ni 

F., 11 

fi!^'*^I.K..380 


Samdahl^., 258 
Samietf, E.. 267 
Bamudnson, E., 271 
Bandem, P. G., 584 
Handm, W. W., 55 
Saadrock, 727 
Bandulesoo, G.. 55, 354 
Baprikin, S., 800 
Barkar. G. 6., 502 
Barkar, A. K., 550 
Hato. D.. 858 

Rato, a., 350, 360, 436. 453. 727 
Rauemhnmer. H., 585 
Baundrra, A. F . 2BS 
Bavaxe, L. II. W., 133, 533 
Sa\urd, J., 84, 87 
Savenru, 8., 703 
Bcliaaf, F., 000 

Rohaarpchmidt, A., 55, 50, 03, 
102, 157, 207, 214, 217, 224, 257, 
412, 502, 500, OW. 087, 705 , 707 
Bcbafer, M., 230 
Seliapiro, F. B.. 26 
Rchapiro, N., 506 
RoliapBon, E., 157 
,%hanvm. W , 212 224, 275, 278 
Scheiber, J . 453. 518 
Bchenker, F., 115 
Schevnn, U ., 303. 307 
Behickh, O von, 342 
Schiedt, B . 204, 723 
RSchiemaiin, G , 121 
Schill, F.. 605 
SrhillmR, K., 567 
Schiininel, A., 7A1 
Schimindachniirtt, K . 330 
Srhleioher. A., 54, 45P. 846 
Schleicher , E , 108, 872, 374 
Schlenk, W.. 2S3, 284 
Bchlenker, E., 154 31R, 323 320. 

330, 340, 488, 430, 453 
Bclilichtina, O., 81B, 810 
Schlumbaliin, E., 454 
SchlutiUB, E., 475 
Brhmerling, L., 55. 75, 83 , 84, 
00, 457, 401. 501. 610 
Sflhmidlm, J.. 102, 284 
Bohmidt, E. O., 473 
Schmidt, O., 271 
Hchmidt, G. C., 21 
Rchmidt, H., 188 
Bclunidt, M., 847. 874 
Schmidt, V., 569 

Srhmidt, W . 521. 533, 540 555, 

874 

BcKmitE. F., 251 
Sclmaokenb^g, II , 305 
Bchnaydar, J., 208 
Bohnoider, E., 427, 571 
Bohneider, H., 385 
Schneider, K., 375, 424, 427 
Srhndder. V.,B21 
Schneider. W.. 488, 400 
SchneU, L. C.. 335 
Schnurr, W., 364. 606, 607, 700, 708 
Sehodlar, W., 755 
Bcholl, R., 180. 148. 180. 235. 240. 
242, 278, 270, 284. 201, 202, 305, 
362, 412. 524, 526, 530, 581, 533, 
554, 586 , 530. 540, 542, 635, 048, 
040, 652, 064, 655, 658, 650, 715, 
722. 728 

Scholia, T., 221, 281 
Schommer. W., 870 
Bfhon. K.. 215, 557 
Bohonbera, A., 235 . 264 , 307. 614 
Rehoner. K., 655 

Hehonfeld. C , 877 * » . . 

Bohopir, M., 215. 223. 230 . 256, 
057 

Sohoiier, A. W., 714, 723 
Bohorigin, , 224 
Etohoraneniei K.. 150 
Behonmdlrr. J , 55 
Bohomig. U, 336 


Sohremer, E., 107 
Hohroeter, B., 723 
^hrolter, Q.. 56, 08, 212, 257, 824 
Hrhrottar, H., 04 
SchtBchukina, M. N., 573 
Sohubart, 1., an 
Schubert, F., 888 
SchuegTEif, K , 150 
Bchuhmann, H., 276. 204 , 205, 
207, 525 

Behulbohm, E., 435 
Schulka, K., 618, 524, 527, 528 
Schulthau. W., 202 
ScliulU, E., 827 

SohuJtBe H.. 895, 412, 424, 435, 454 
fichulz, H., 852, 364, 889 
Schurmann, G., 105 
Srhutlp, H , 4W, 4B2 
Schuwirth, K., 052 
Schwab, J. W., 884 
Srhwamberver, E., 584, 585 
Schwarluiian, U. 1., 47 
^hwarz, H., 114, 115, 116 
Srhwarzer, Q., OM, 171 
Srliwefder, C. C., 702 
Schwpimtz, E. vem, 874 
Schweitzer, R., 215, 220, 275 
Scliwenk, E , 558 , 700 
Scobel. B , 818 
Scott, A. J., 720 
Sedlmvr, R., 278 

Seer, C., 120, 224 , 242, 278, 284. 
201, 202, 412, 430, 453, 625. 520, 
530. 531, 583, 540, 542. 048. 040 
054, 055, 050, 058, 715, 722, 723 
Referovich, Y. ^ 852 
Beffebrecht, B. W., 377, 811 
Spiile, O. A„ 408 
Spidcl, F., 84, 02, 212, 804 
Seifert, F., 270 
Sdkowald, A, W., 801 
Seka, R., 230, 500 
Sekera, V. Q., 007 
Selupnan, A. M , 412, 585 044 
Sellner, P., 523, 531, 533 
Smennva, A. Y.. ^ 
Sempotowald, L., 84 
Sempronj, A., 280, 525 
Senff, P., 125, 185, 130, 304 
Senvupta, B. C., 585, 502 
SenlcDWzki, M., 84 
Sothna, B. M., 078, 080 
Seubert, K., 16,17, 840 
Severin, E. C., 840 
Seward, G. O., 850 
Sexton, W. A., 183 
Seyhan, M., 732 
Seymour, G. W.. 183 
Schaffer, S S , 465 ' 

Shah, H. A.. 600 
Shah, N. M..67a.080 
Shah, n C., 154, 105 , 381, 600, 
078. 880, 080, 720, 703 
Shah, R. M., 680 
Shahane, R. Y.. 700 
ShBAkland, R. V., 800 
Riiapiro, D., 589 
Sh^iro, fl., 770 
Shatunovakeya, E. G., 850 
Shaw, n., 8W, 341, 436. A54 
Sheiber, G., 888 
Shddriok, Q , 200. 3Dl 
Shdinnov, V I., 47 
Bhemaatina, B. V., 876 
SheniiDkel.T K., 814 
Shepard, M. G., 00 
Sherrill, M. L., 158. 180 
Shiffler, W. 11., 851. 802 
Shildneok, P. R., 481, 062 
Shinlda, B. D., Ill, 815, 618, 810 
Shiiioda. J., 356, 367, 860, 480, 
468, 727 



806 


ANHYDROUS ALUMINUM CHLORIDE 


ShDdd. M.. SU 
Shoeanith. J. B., BO. 84. Q1 
Shm F.. 251 
Short. W. F,. 580 
Shriner, R. L., 828, 380 
Bht«mov, V. A., 708, 709 
Sliuikin, N. I., 370 
Shuryipiiai E. N., 107 
Shvemberger. V., 011 
Shvertaman, U, 1. . 47 
ShyamakantA, T) E.6H0 
Hibgatiiilin. H. K., 083 
Sidgwiok, N. V., 07, 887 
Sidorowa, N. G., 085 
Siegd, F , 120 
Hiugliti, A,, 279, 412, 054 
Hieveri. O., 004 
Siiewalt, R- . 623 
Hilbw. A.. 20 
Silberfarb, F., 874 
Silberrad, O., 018 
Hilva, R. 1).. 81. no, 111. 118, 
121, 728 

Silver, S. L.. 280. 301 
Hiiitnii, C'., 844 , 

Siinonia, H., 309. 813, 324, 329 
Sununn, J. H., 851, b 7B 
SunonMii. J. L., 558, 055 
Ruiding-Lanmi. A., 801 
Hiiin, F.. 415. 428 
Swley. J. Pm 478 
flivrt-lRev, A. P., 788 
Skraup, H., 774 

Bkraup. S.. 308, 804. 584. 583, 
097, 008 ^ 

Bloane, R. Q-. 838 
Rlotta, K. H., 000 
Smiles. B..204, 208.350,851.509 
Smirnov, V. A., 824 
Smith, A. W.. 214. 224 
Smith, r. C., 105 
Smith. r.F., 282 
Smiili, D. F.. 850. BOO 
Smith, E. W., 200 
Smith, J. W., 005 
Smith, a. B, li., 755 
Smith. H. G.. 787, 904, 803 
Smith. J. N.. 8S0 
Smith. L. A.. 55. 104 
Smith, L. E., 000 « „ 

Smith, L. i., 88. 84, 06, 80, 90, 
M, 457 , 470. 722. 728 
Smith, M. E., 260 
Smith, P. G., 131.732 
Sinith, R. A., 407 . 602, 089, 692, 
710 

Smith. W., 544 ^ 
ftnithyyflcn. W. C. B., 785 
Smitii, A., 17, 18 
Smnrgniuikii, L. M., 614, 781 
Snellina, W, O., B02 
Snow, 1). K., 142, 046 
Snow, H R., 801 
Snyder, J. E., 20 
Soday, F. J , 814 
Shllarher, C., 84, 224. 245 
Sortt, L L. W. van. 829 
Solodar, L. S., 722 
Sologub, 1., 708 
Solomin.M. Y., 859 
Roiomtmov, M. Y., 859 
Somerville, t. F.. 584, 599 
Somniplet. M., 142 
Bommermyer, E., 48^ 404 
8one, M., 414. 428, 687 
Somnba, K. H., 000 
SoTvnem, S. P. ii<.. 809 
florg, H. I., 827 
Sorge,R..212.220 ^ 

^tokawa. H., 802 
Sowa, P. J., 877 

^faw.b.r.ra 


SpenotT, A., 20, 8^ 05 
Sperry, W. N., 117 
Spiesler, L., 405 

^1^','^, 8M, H«, ua, BH, 
SM 

Spring, F. B.. 480 
Sraohanow, A., 59, 101 
Slnbil, C.| 674 

Btndnikov, G. L., 198, 378, 870, 

Sildcl.W.. 159 
Stafford, J. 0., 850, 802 
Stahel, K. A., 229 
Stahl, J.. 84 
StBib, K.. 852 
Stalimann. O., 528 
Stamm. C., 221 
Stamm, G., 890, 412 
Smnley.H. M.. 461. BOO, 824 
Siiirk, 0., 215, 655, 557 
StRtliam, F. S.,709 
Stand ingcr, H., 154, 235, 230, 2U. 
304 , 305. 818. 828, 829. 889, 340, 
859, 800 , 388 , 423 , 488, 459, 453, 
041, 794 , 705, 818, 870, B77 
Stfic. K.. 275 _ . „ 

Stfwlp, B. D.. 101, 102. 122, 208 
Ripfec, R.. 5M 
Stem, A., 725 
Stein, £., 813 
Stem, M., 268. 440, 458 
Strin, O., 93, 222 
Steiiibrink, H. . 460, 820 
, Steiner. K., 549 

Sti-inkopf, W.. 149. 109, % ^ 
872. 878. 540, 500, 040, 058, BOO 
Stommor, J., 208 
Btepaiiturva, T. G.. 400 
Stephen, H.. 917, 331 
StepiienB, H. N., 548 
.Stenibacli, L.. 275. 201, 882 
Bteskal, G., 544 
Stetaner, R., 160 
StetzUTD, Z., 093 
Hlpuart, G, R.. 

Stcvena, D. R., B25, 834 
Stevenao^ H B., 199 
StiBgler, H. W.. 50, 754 
Still, c.,oas 
Siiiiman, J. M., 80 
Slimier. F., 650 

Btirton, A. J., 474, 527, 017, 009, 
088, 809 

ttiu"aen* F^%% 807, 841. 

BuSnner^R^I^BBl, 805, 807. 824, 
412 

Stowacr, W. C., Oil 

BUdlO, R., 850. BBS. 897, 418. 414. 

423. 424. 437, 488. 458. 464 
Stone, H. 520, 528 
Storch, H,H..J0p 
Stoughton, R. W., 690, 708 
Btovw, N, M.,M1 
Btrain, B. H.,7tt 
Straley, J- M., 199 
Strange, B. 708 
Strenaky, S-. W 
Rtraiwmann, H., 214 
Stratford. R., 728, TOO, 888 
Stratford, W. M., W, J84 
Stmtioi^ G. B., 182, 818 
Btraue, F., 214 
Streeok, H., 241, 301. 025 
Striekler, H. W., 198, 580 
Striihov, I. N., 840 
Stroebel. R., 055 
Btromberg, H., 009 
Stroeaaker, C. J., 783 
Stniqk,E..819 
Struve, W. Bi, 889 


Stuart, A. H., 144. 851, 008 
Btummer, R., 580, 548 
SturgiB, B. M., 55, 99, 806, 017, 
019, 080, 021, 040, 070, 052, 085. 
785 

Sucharda, Em 884 
Suchrri, L., 126 
SurlKMlakyi W., 17 
Hudbnrough, J. J., 548 
Sugaeawa, B., 808 
Siihl, R. Sm 015 
Suida, H., 787, 770, 930 
Sullivan, F. W.. BOO, BOl, 802 
Bulaer, O.. 102 
Sumi, K., 5R0 
Sumpter, M. C., 834 
Riiahcliik, li. Ya, 129, 406 
SiiRBkii, J., 500 

Muter, C. M., 130, 131. M4, 547, 
005, 732 

Suthere, A. J., 435, 454 
Svendaen, S., 854 
SvirMy, W. J., 55 
Swariout, H. A.. 629 
Sweeney, W. J . 918, 819 
Swift, t. E., 814 
Swope, C. Cm 841 
Msayna, A., BOO 
SzeRu, P , 61 
Szpmzo, B.. 602. 645 

T abor, Q. H., 827 
Takpi, S., 788 
Tambovtaeva, V. 1)., 190 
Tanibor, J.. 805, 319, 321, 322, 
827. 331, 838, 330, 727 
Tauabe, T., 525 
Tonaka, M., 528 
Taniguchi, 11., 474 
Taiuyuti, 11., 474 
Tankc, E.. id. 87 
Taranfioau, E. M., 740 
XattiTeall, H. J., 240 
Taubadel, U., 406. 460 
Taurinech. A., 16, 55 
Taveau. R. deM,. 827, B64 
Tawildaroff, N. 1 , 774 
Taylor, F. L., 814 
Taylor, H. B., 860 
Tavlur, R. J.. 245 
Tckiou. Fe-ki, 105, 10ft. 733 
Tengler, E. , 55 
Tennant, W. J., 100 
Torebeei, L., 851, 859 
Terent’eva, I., 022 
TerPourten, A. C., BOO, «33 
Terry JL. I , 180 
Teae. k. W. H., 664 
Tetry, L., 184. 141, 190, 196 
Theimer, E, T., 603 
'Thiele, A., 874 

’Thielp, J., 048 inA 

Thuiiaa, C. A., 26, W, M. . 
408, 406 , 803, 804, 907. 910, 913. 

914 

Thomaa. J., 544 
Thoinae, J. C.. M 
Thomaa, R., 318. 883 
Thoroaa, R. M., 814 
Thomaa, B. L* B., 412 
Thnmaa, V.^ 

Tbcmpson. H. E., 798, 876 
Thompson, H. W., 007 
Tlioona, H., 724 
Thomsen, JT, 18 
Thomsen, T. Am 
T homson, Q. W., 7B7 
Thomson, R- P*. *** 

Thorp. I-. 

Ticby, Jm W®' 

Tikhonov. N. S , MO 
TUiohe^ M. 

Tilley. d.BM 801 

Tllman, £■ E-. 8M 



AUTHOR INDEX 


807 


Tdtoi.f- A.,M 

TiSa^.' M>, ^S, 621, SIT 
TiachtManho, W., 66 
'I'lUiV, A. I.) WT 
TiU, 1. N., 120 

’liMlil,D.,20n 
T.hM, F., 175, 412 
r,Khl, J D.. 118 

Ti>hl. A., 85. 198. 263. 714 , 722 
Tiikftipvfi, K.. 620 
Tiinm, V., 822 

JriniilA, M., 342. 343, 375. 378, 
000 

ToniliiiJtOD. M. E„ 304, 807, 801. 
504 

Ton P‘4, C., 307 
TouhIdv. N. E., 118 
ri.wn4>, C. C.. 814, BIB 
Ticarlwpll, W. 1)., 851, 850 
TipliJtzD, G., 854 
'Iiirkf>,J P.,B1B 
Tiili’l, A. G., 771 

I ijpr, K , 500 

7 ifHPli, W.. 525, 536. 723 

I I iiicii*, J., 761 

Jjuiiuv, B. V.. 60, 122,688 
Traotit. L., 12, 18, 10, M, 860 
'rrofikeii, O., 870 
7'ruinpy, F., 506 
Tryon, J. A.. 851 
Tizpsiiwki. P., 201 
Tschpoufoki, lee TchfitJW, Fa- 
Ki 

THchprnoihukow, N. I., Eee 
Chcmozhukov. N. I. 

Tsphuhik, A. A., «e0 Chii- 
hik, A. A. 

TMliitnchibabin. A. E., tee 
Chirhibabin, A. E. 

ThcUoviiik, N. G., lea Chov- 
nik, N. O. 

T^^hunku^, E., 270, 066 
THukervAiuk. I, P„ 118, 186, 61B, 
620, 022, 623, 625, 026, 028 
TsiiruRi. J.. 475 
TAuruoka. B., 556 
Tullwiepfl, A. J., no, 800 
I upholnie. C. H. B., 802 
Turpk, J. A. V.. 84, 104, 201, 
377. 477, 470 

Turner, E. E., 66, 128, 120, 171, 
^172. 231, 267, 751 
Turner, H. B., 688 
Turova-Pollalc. M. B., 723. 788, 
,^780, 700 , 701, 823 
Tuiaki. J.. 650, 655 

K., 848. 840, 600 < 

liitm, P.,808, 817,321 
Mivn, M. c., 770 
rwpig, w. O., 177 , 231 
rvRPTl.C. B.,854 

1 Aulipivanik. 1., acc Tsuki'r- 
'«uik, I. p, 

U"!*. T.. 802 
I'hlhnm, E., 83 
} 1«. Q., 130. 080 

200 ; 210^ ’ «■ W. IM. 

260. 260. 287. 267, 84k 
fisa, 544, 546. 040. 555 , 726, 

Jmhgrovt, ri. 540 

H. W.. 524, 525, 640, 

J’nRpr, F,. 871 T 47 

j,HlinKnv, M. i., 26, 27 55 

^ '^Imknv, 8. N., 818 ' 


^*^**^A| 0. T Tss 
'ftisWrg, H. d, 81 


Vaiafuld, P. O.. 601 
Valik, 1., 508 
Vahk, L., 508, 840 
Van Aradell M.. 802 
VanilMbdl, B. M., 157 
Van rlcr Linden, T.. 011 
Vail tier Hclierr, J., 770, 780 
AaiidiT Wal, K. J., 221. 205. 843, 
377 . 811, 872 
Vuiilu, G. G.j 751 
I'aiizptti, B. L., 810 
Vnrcl, R.. 407 
VaiaWd. P. G.. 722 
Vuralmvaki, B. L., 704, 814 
\ itrvogliB, Q. A., 685 
Vimkatarainan, K., 886, 727, 720, 
730 

Vpnimo, A., 361. 805 
\vr\ey, A., 141, 218, 220, 221, 814 
\ lekoreLaff, T., 480 
Vienne, G., 497 
Viklirm'B, G., 018 
ViUigiT, V., 544 
I'meent, G.. 0, 116 
Viiiiiig, D. C., 606 
F. 8 ., 774 
ViMnn, H. E.. 861 
\ iiliui'h, A. C., 475 
V.ii-diKch, O. W., 118 
\oet, W., 164. 108, 433, 453 
Voigt. A., 16, 22 
Vi.Uliaae, £., 390 

V^illmann, H.. 138, 241, 201, 202. 

204. 525, 587, 050, 655 
Vunrheea, V., BOO, 801, 802 
Vnrbach, O.. 423 

>'(irlKnder, D., 105, 481, 403, 504, 
637. 640, 004 
Vtiinnin, N. N., 850, 852 
VuHauikul, A., 83, S4 


Wachter, W., 230. 231 
B ueliterowitf, A., 227, 311 
acker, W..413, 423 
Wada, M., 681, 682, 583 
Wade, M. L., m, MO 
B^agner, C., 414, 428 
Wagner, C. R., 801 
Wagner, G., SB, 600 
Wugner, H., 221 
Wahl, A., 428 
Wahlfor^E.. ZOO 
Wait, J. W., 052 
W'nlrott, E. R., 820 
W'alden, P., 20 

W^nldmann, H.. 523, B2D, 531, 
533, 544, 545. 540, 658, 550. 561. 

W'idl, A.. 502 

Wall, M. A., 578. 680 

Walker, J., 508 

W’alkfr, J. T., 287 

Walkpr, J. W., 20, SO, 83, 55. 

50, 60. 08, 101. 770 
Walker, T. A., 480 
Wnlker, T. K., 828. 841, 454 
Wnllpnateio, H., 270 
Walpole, A. L., 412 
W'alflh, 6. M., 646 
Wolah, W. L.. 524, 549 
Walter, P.,50l 
W'Qlthpr, — , 221 
Walton, E., 150, 580. 080 
Ward, C. F., 531, 586 
Wardwell. G. K., 589 
Warner, J. C., 05 
Warnai, F. L., 065. 680 
WarrN). G. W.. 184 
W'arren, H. N., 845, 851, 864 
W^artmen, W. B., 378 
Waailowaky, L., 47. 865 
Wnsmut, R., 648, 843 
Waeeerfuhr, R., 40 


Waiennan. H. I.i 770. 771, 708, 
BOO, 811, BIB, 615. 816, 823, 683, 
835 

Waters, W. A., 56 
Watkini. T. I., 601 
Weaver. V. M., 848, 806 
Webb, W. L., 700 
Webb, W. H., no 
Wrbrr, A., 805 
Weber, L. F.,502 
Webor. 1^ 25, 844, 848, 858 
Weehae, H., 548 
Wedekind, E.. 085, 768 
Wage. ^345 
Weger, K., 854 
Wegerhoff , P., 216 
Wenoheider, R., 166, 105, 723 
WS H., 221 
Weiler, M., 224 
Wein, W., 14, 26 

Weinkauff, 0. J., 844, 598. 702, 
709 

W'einstock, H., 140, 485, 404 
W>ial, B.p 853 
Wpibb, H , 406, 480, 800 
Weifls, J. M., 527 

WVias, n., 257, 270, 311, 370. 480. 
453. 454 

Wrjmsbarh, K., 412 
WViasberg, M., 694 
WVilh, A. J..796. 876 
W'aith, W., 046 

Wnitzenbnck, R.. 292, 412, 430, 
453. 648. 656. 715, 722 
Weizmann, A., 586 
Weinnann, C., 317, 325, 381, 882, 
458, 533, 539, 545, 540, 558, 605, 
702, BOO, 874 
WpIfnrH, R , 8.54, 864 
Wnller, W^ T., 275 
W>Hh, T.. H.. 631 
W^eUh, L. W., 630 
WVlsh, T. W. B.. 26 
Wenzel, F., 110, 118, 135, 187. 
100, 294 

Warder, F. v,, 709 
W^emer, A., 14, 19. 26 
W'prner, E. A., 350 
Werner, R., 799. 885 
W prner, W.. 427 , 671 
Wertyporoch. E , 26. 33, 54, 55, 
56. 50, 61, 83, SO, 04, 101, 108, 
104, 123, 713, 722, 876 
Weston, A. W., 130, 131 
Weyland, H , 666 
Wha, C., 8.53 
Wheeler, R. V.,79B 
Whedor, T. S., 824, 727, 720 
W^hitby, O. B., 706, 804, 668. 876 
White, D. E.. 835 
White, G. D . 826, 852 
Whitmore, F. C., 60, 70, 05, 458, 
510, 624 

Wliittleetnn. W. Q., 305, 412 
Wibaut, J. P.. 770 
WTiddows, S. T„ 245 
Widjnan, O., 221 
Widmrr, C., 521, 551. 659 
Wiedeking. K., 802 
Wiehage, Q., 782 

Wieland, H.. .55. 08. 171, 105, 528. 

007, 608, 754, 758, 700, 788 
Wienem, F.. 689, 609, 708 
Winrsohovski, F., IN 
W'ioten, J., 694, 605 
Wietxol, R.. 802 
Wiesevioh, P. J., 764 
Wiggins, W. R., 800, 888, 840 
Wiles, A. E.. 580 
Wdey, R. M.. n4 
Wilkinson, D. G.. 412 
WfUgerodt. C., 221, 257, 207. 281, 
288. 289 

Williams, I., 700, 876 



8 B 8 


ANHYDROUS ALUMINUM CHLORIDE 


WiOkiiiB. J. 480 
WiUttnu.B B.C..8B0.801 
Willig,fi.088 
Wilm, C. K , U8 
WdBoip C. L.. 01 
mwa. a P.. 8M 


WilMn, C. V., 584 
WOm. E.. 801 


WilMHi. I. V , U4 

Rw E t 888 . 

WOsoQp B. D., 115. 176, IH, 418. 
458 

WilsUedt. H , 688 
Windaus. A., 808 
Winkahniiller, Vi , 788 
Winklv. F., 884, 886 
Winkltf , J . 771, 888 
Wimw. A. ^ . Ml 
WimuBC, C , 814 
Wmt«r. C.. 800 


Winter. H., 665 
WirtA, W. V , 64, 03, 773 
Win, K.. 418. 428 
Wiee, C R , ua 
Wintogle, F Y 883 
Wtilieeniia, W , 471 
Wiepek, P . 121 
Witt, 0 N., 888, 090, 007 
Wittioh. O , 115, 158 454. 733 
Wittifl, Gm 700 
Wiumer, R . 68 
WobiMh, F . 384 
Woddeki. 8 . 125, 376 


Wohl, A , 38, 55, 103 
Wohler, I , 12, 16, 23, 844 840 
Woinhn, H . 700 

WdeoU, E R, 852 853. 864, 
865, 866 
Wolf. N . 383 
WulllMiuer. D , 202 


Wolfbnuer, O . 808 
WdUI. H.A..805 
W(iUr,M..m 
Wolff, P., 806, 488 
Wolff, R.R. 761 
Wolffenstein, R., 868, 840. 887, 
880 

Wolfrun, 878. 807. 586 
WoUMto^ W , 581 
Wollofir. R.. 318, 380 
Wonderww, E , 468 
Wood. A E., BSO, 884 
Wood. J. E.. 56, 50, 74. 00 
Wood,! Ii,S4S 
Wood, W L , 708 
Woodeork, D . 817 
Woodruff, £ H,7D0 
Woodrtook, W. B., 176 
Wocidetook. W. W , 784 
Woodword, C F , 140, 485 
Woolworth, J. O , 84 
Wooettf , N., 13 
Wonter, W . 167 
WuerU, A J , 304 
Wulff, C . 878 

Wunter 0 840 851,857,865 
Wvlrr, M 200,301 
Wynne, W. P , 188 


yakulMon, B I , 47 
Yamamoto, K 802, 850 
Yates. J . 674 J81 
Yaiuninku, K , 118 
Yoder. B. 86 
Yobe.R V. 706. 707, 800 
Younc, P. C , 503 
Vounc.R C,1IS 
Youts.M 4,884 
YbHa de Bchiiiper, D W , 553 


YuhkFu.IOS, 106.788 
Yurev. Y K , 783, 723, 791, 703. 

888, 884 


^ogala, P.. 875 
Z^, K, 571, 573. 581, 655 
Zalkmd. Y., 693 
Zandman, A.. 004 
Zappdli, E , 84 
Zappi, £. V , 848 
Zaunkni, E , 888 
ZawndsKi, J., 864 
Zeavin, J M , 678 
Zeller, E , 100 
ZHmm, N 1 , 838 
Zdinski, N U 129, 400 4Bfl 
723, 745, 740. 782, 788, 700. 7IU, 
813. 828 834, 828, 829 834 
Zctlla, E . 148, 140, 100 
Zelvm.R R 676 
^tiBclie, F , 834 
Zherdeva. L G 802 
Zhitomeinkaya, E N ,834 
Zimmerman, M 861 
Zincke, A , 656 
Zincke, T 7,61^ 

Zinke, A . 183 202 203, 363 467 
530, 531, 533, 611 654 eU 
Zobel, F , 835 
Zollner, C , 755 
Zorn, li , 801, 802 
Zschokke H 608 
Zsuffa, M , 273 2M2 . 285 437 

453. 454, 

Zuhrr, R , 121 
Zublin II . 18 

Ziitphrn L loit 228, 220, 358 
305, 423 
Zuffimli S 208 
Zwayei , F , 810 



Subject Index 


Abktic ftcid, daoompowtiDD of« 782 
, reMtion with aluminum ohloiide 782 
reniiu from aromatic h\ drorarbonH and HI 7 
Abieiyl oompounda, haloganation of. 774 
\tccleiiitar tor vuleamration of riibucrp prepara- 
tion of, 107 

AoeanthraqumoiM, prapaiation of, 285 450 
Aceiiaphthaiie. reaction with acelyl cJilondc 295 
-p — aluminum chlondr, 720 
benxo) I rhloride, 207 

— bromoacetyl ohlonde 296 

— carbamvl ohloride, 209 201 

— chloroacetyl chloride, 200 

- — cldoromfthylenefomiadinp, 007 
— P-chloiopropirinvl clilondp 206 

— erotonyl chfonrle 207 

— evAnic ncitl 301 

— ovanoaeotvl chloride 802, 507 

— (liethylmalonyl chloride 297 447 
dunethylmalonyl rhlonde, 207 447 

— eth>l bromide, 107 

— hydrogen c\Bnide 007 

— hydroiytruAplIUie anhydride 507 

- — malonio eciH dimtnli 508 

— malonyl bromide 447 

2 -methyl -l-naphtho\l chloride 2M 

- — phenylethvlrarbemil clilondp 301 
~ phthalio anhvilriHe 624 

-- propinnyl ohlnnile 200 
propylene. 404 

- — qumolmic anhydride B70 

RUfcinie anhydride 586 

- — o-toluvl ohlonde, 298 
Acenaphtheneamide. prenaratmn of 301 
Wnaphthene-O-oarbounlic acid ethylanilidf 

preparation of, 801 

Acmaphthencidicarbmrvlio ecid eth^lenilide 
preparetion of, 101 

'^'maphtheno-O l-diearboximide preparilinn of 
301 

^ ®‘.^®'!!lM*theiiediethylmdandiorB, prepamtinn 
nf 207 

^ 6 Acp^phthenedunethsdmdandinnc preparatnm 
of, 2BT 

pen-Aomphthennind^dione, preparalion of 447 
Ac^aphthenmndandioiM ketimule preparation of 


^renAphthene quinonee, preparetinn of IM 117 
Aeenuphthennnea preparation of 295 39B 
P ii^imphthovlnorylie gold, ryrhration of 493 
aoida, preparatinn nf 586 
1 AeenBphthvlethyl)-3-meihvl-A' r\rln- 
AWene. ring doaura of. 488 
A ilmninuni chloride 689 

Aeetaldehyde. fomatum nf 118 740 
rmotmn with hontniD, 648 
4_ /w aluminum chloride 25 

1. j halogenated, reartiima with aromalie 
*vdrorarboiiii aaxd ethem, 147 
Rtannidp reaolinn with aluminum chlnnde 7ftl 
jgjl*'^yJ*®®wiphtliiiiipquinone, preparetion of 

J‘’Ji*®* 50 ^Wthlophene prrpnrnhnn of 870 
dndTlSlo'^^*^ ' phtlialip enln- 

^?®Jj^'*|pWvrophenime, preparatinn of 8R4 

^wo)(ohloroaBetvI)hvrtrmdrtie prcpAmfion 


Aietamidohydrindene, reaction with phtlialic an- 
hydride, 687 

chlurobensoyl chloride, 385 

AdtmuiilD ketD acida, preparation of, 537 
I ( \i etamido)methylhydrox> bento^ I Jbenaoio acid , 
piDpamtion of. 538 

Atetamidophenyl eulfoxide, preparation of, 880 
AielBniidotctrahydronaphthdeiie, reaction with 
chlfiroaci tyl chloride, 880 

— phthalic anhydride, 537 
AcLtaiuidoxylene (see Acetox^lide) 

Autaiiilirh, acylation of, 384 

— , reaciiun with butvl chlondu, 197 

— duuLLlivlBulfani\l chloride, 209 

— ifinamyl chloride. 107 

— imipropyl chlnnde 107 

— thionyl chloride 380 

Vcrlic acid, complex with aluminum chluiiile 51 
147 

reaction with acetyl chloride 762 
, — benrene, 084 

— biphenyl 684 

— — chloral, 147 
, - toluene, 084 

aohent foi aluminum chluride 24 
\iitu, Rcid and chloral, ooinplix with aluminum 
i^hlonde, 51 

\uUo nnlivdnde, preparation of 702 
roartion with acetoxvphenanthrcne, 072 
arpt> IdihydrDxybenzeiips 672 

— aluniinuni chloride 51 B 
— , — aniaole, 871 

— - henzene. 6 660, 671 

— benrine and emyl chloride 03 
biphimvl, 671 

brnnmbenBcns, 671 

rarbaiole, 672 
, - rhlorolicnipne, 070, 071 

— cremil methyl ethera, 671 

— rtiethvl ether 783 

— rliphenAlaminp 672 
m diplienylbenicnp, 671 

— methyl rhhvdroxvbeiiEnatc 072 

— — methyl rlihvdToxveUiylbonKnate, 672 

j9-naphthvl methyl ether, 671 
renorrinol dimethyl ether 671 

— toluene 600 671 

— - triplhylhenrpnp 071 

— trimcthylbcnAinc^, 071 

— — urea 795 

Arptic anhydridp and ether, complex with alumi- 
num chlaride, 51 

Aretoaretic ester nartiim with hvdrogfin cyan- 
ide, 608 

Acptnarcivl rhlnride rpection wnth benxene 255 
Aretonc, enmplex with aluminum ehlondp, 80 
rondurtivity of 27 
— . formation of, 118 

— rraetion with iluminum chlonHp 769 
^ aniline 035 

dimcth) lanilinp 834 
— , ~ phofmliorouB tnchloride. 784 

— - p tofuuline 685 

Bolvent for aluminum ehlondp, 25 
Aoetonmnil, reactinn with alumuium clilondp 085 
Acetone nily dernlnricmK nf H88 
Acetonitrile, complexes with alumuium ehloride, 
58 

— prefMiration of 785 

— , soKent for alimunum chlnnde, 25 
Acetophenonr, oomplexps with aluminimi rhln- 
ridp, 50, 200 


m 



900 


ANHYDROVB ALUMINUM CHLORIDE 


Aeetophflnone, effeot on eondurtivity of solutioni 
of dummuiD ohlarida, U 
— jpninumiioii of, 8, 8B8. 480, 500, BOO 670, 071 
d70 

, reBOUon with aluminum chloride 088 
, — baiHlilehyde 038 
, ^ bramino 018 
, — chloral h>drate, IBS 
, — dimethvlaniline 084 
, — athyl bromide, 102 
, advent for aluminum chlondr 25 
Aoptophenonaanil, reaction with aluminum ehlo 
ride, 885 

Aeetnpiperone, reaction with aluminum ohlornli 
784 

Arptotciluide, reaction with obloroacctyl chloride 
384 

— phthalu) anhydride 537 

7 Acpto\> 3 acetyl 2 initlivlchromont reairmiRL- 
inent of 707 

4-Acetoxvl>enBvl cyanide rearrangement of 707 
4-AoetaKybiphenyl, rearrangement of. 009 700 
7-ADetoKy-2 B-dimethylohramone, rearrangement 
of 707 

5 Acetfixyflavono, rearrangRkient of 707 
2-Acrtnx>fluorDnp, rearrangemmt of 700 
O-Acetoxv-2'Uopropylcoumaran rearrangement 
of 707 

a-Aeetoxyuobutyryl chloride, reaction with ben- 
aene 253 

— p-xyloie, 252 

a-Aoetos>taoprop>l zylyl ketone, preparation of 
852 

oxym-Aoptoi^ide, reaction with cliloroaoetyl 
chloride Bafl 

chlnrobenao^l chloride 885 

— ~ phthalie anhvdndr 587 
2-AeetoTvmeBitylenp m ^riae rearrangementa 708 
5>Aoetn]cv.8-acetyl-2*methvlehrc]mone hvdrolyaiH 

of 783 

— reaction with aluminum chloride 099 
7>Aof>t[)xy-4-meth\loounuirui rearrangement of 

707 

7-Aoetnxv-4'-methvlovclohnnin fl'2 4 8) 
coumarm rearrangement nf 707 
Acetoxyphenanthrene reaction with acetic anhy 
dride 672 

y Aretoxy-'y-valerdactone reartion with ben- 
aene 495 

Acetylacenaphthene, preparation of 295 
reaction with acetal ohlivnde ^1 
p-Acetylacetanilide preparation of 364 
Ac^ylaoetone, formation of 702 

— preparation of 744 

— , reaction with hydrogen pvanlde 008 
Acrtylaminobenaoeulfanilide, reaction with di- 
mrthvlamino-N-aulfoohlonde, 871 
Aoetylammophthalie anhydride reaction with 
beniene Ul 
— , — toluene 001 
p-Ae«ftv1aniaole cleavage of 725 
— , preparation of 802 
Acetylation, orientation in 84 
Acetylbeniopyrene preparation of 292 
AcetylbensovloarheBole 891 
7* Acetyl -2-bensvlfluorene propxnitlon of 296 
Apetylhencvlnaphthalene preparation of 270 
trptvlbiphmivl preparation of 280 071 
Acetyl bromide Cim also acotvl halidee) 

, reaction with acetanilide, 884 
— , ^ Bcetylcarbaiole 891 

— — aeetvlmethyltetrahydroqiimoline 890 
— , — benrene 210 

> carbasole 890 
~ methyloarbaidle, 891 

— phenacctonHnle, 880 
AcetvmmmnnaphtiiBlenee preparatinn cif 270 
2^Aoetyl-4-brcm(inBphthol prrparatiim nf 707 
Ace^'ferf-butylxvlene, use in preparation of 

artiflcial muck, 222 

Aretvleaibaaole, reaction with aretyl bromide 

— boneoy] chloride, 891 
4-Acetyleateohd, preparafion of 705 


Aeet 3 l chloride (lee also aoetvl halidce) 

— , cooipleK with aluminum chloride, 84 49 % 
205, 762 

— , conductivity of aluminum chloridi in auiM | 
enlution of 21 

—I reaction with acoiaphthene, 205 
— , - acetic Ccid. 702 
— , acetyldibensothiophene, 870 

, — acetylene or acetylene homologs 760 

— — acetylhexaliydrocarbaaole, 801 

— aoetyUiydroxydibj drophenanthrenc 861 

— noetylnaphthalene, 801 

— aoetyltetrahydiocarbaxole 891 
<— alkox^thiopbenolB, 808 

— alkyl pynwe oarboxvlir end itli\l t 
888 

— alk\lthiophenee 874 

— aniaole, 31 802 

— anthracene^ 280 

— antiarol 887, 801 
benrene, 805 210 

— beneene and i^clopiiittne 69^ 

— bcnronitnle 880 

— benropyrene 292 

— honcotrifluoncie 227 

— — 2 benxyUluortnt 206 

— - benzirlnaphthalene, 270 

— “ biphim)! 280 

brnninnaphthaleneii 271 
biomotliiophpnee 878 

— — n butane 744 

— — butpne 2 and benrine 895 

— — rar\nrrDl 858 854 

— — choleeterol 750 

— - p crciinl 855 

— — p crenil methyl ether 808 lOD 727 

oclohexane 97, 746 750 

— ciclolicxene 02 757 

— pvrlrihexene ami biivenp oni 
p\ plopeninne 751 

— — cyelopentene 700 

— — dibenzofuran 878 

— dibenroihinphene, 375 

— — rlibrriraonaphthalcne 091 

ilirhlnropenlenpfl 292 

— liirthvl ether 763 

— dihydrcanthmoene 288 
dihydroretene, 290 

— diniMhnxvpropvlbenrene 130 
ilmiethvlnaphlhalonc 275 
diplien\lene diirtlde 878 

— - dipheml ether 841 

diphenylmethane 284 

— 3 ethvlaopnaphthene 200 

— ethylchrveene, 292 
pthvlene 752 

— ethyl thiophene, 874 

— fluorene 208 

— halogeneted toluenn 223 

— — hepteno, 753 

— n hexane 97, 745, 740 

— — hexene 752 

- — hrmineatecho] dimethvl ether 830 

— hydrmdene 294 

— hirlrogen milftde 780 

— hi droqnlnnne 800 

— — hydroqubinne dimethvl ether 820 

— hydroxydihi drophenanthrene 859 

— hydroxvhyrlroquinone trimothil etlur 

— 6-hvdrnxvnumo1inn 889 . . --o 

— hydrwxyihlaniwlithen^ methyl rther 378 

— iedobeneene 218 

— lenbutaiie 744 
• wobutylene 754 

— meeityl methyl ether 817 

— methmeyphenanthrene 844 

— methmnrphcnyl phenol et^ pi 

- - mnthvirvciohexnna, 7^0 751 

— methyl rvdopetitane, 751 
^ methylfiirane 870 

— methvlnaphthalme 175 

— methyl p-nmelllnate etheiw w 

— N-mefh^pvrmlc 8*7 

— methyttetralm, 870 



8VBJECT INDEX 


AMlyl ^hlorida, nHOlion with methylthiopbene, 874 
, 1 Birthyl p-xenyl kstoM, 881, 861 
- ' ^ a-ntphibrl iUiyl ethvi BU 
^ ^ P-Mphthyl methyl ether, 889 

— rntroiniMMe, 87?^, 879 
— , ^ mtropbeiietole, 178 

, ~ oettfiB, 718 

— ordnol dimethyl ether, 881 
— , — n-pentene, 87. 744 

, — phenenthreiie, 888 
— , — phenol, 855 

^ . p-phenoiy-0'-chlorodiPlhyl etlier, 315 

— pfaenyleycloneiiBiiB, 761 
— , — pheDyldiehloroareue, 888 
— , — phlorogluomol, 868 

— phloroglucinol tnmethyl ether, 335 
— , — propylene, 762, 754 

— o-n-propylphenol, 853 

- , — pyrene. 381 _ 

— , — pyridine, 886, 887 

— pvroKellol, 853 

— pyrogellol tnmethyl ether, 332 
— , — pyrrole, 887 

, reeorcinol, 853. 856 

- — resorcinol dietnvl ethir, 320, 727 

— resorrinol dimethyl [•ther, 320 

- , rceorcylie acid, dimethyl ether, 331 
, — retene, ^ 

, — eelenonaphthene, 383 
-, tetralin, 276 
, » tetramKhozybeneene, 337 
, ^ thiBimphthene, 876 
~ p-thioorceol, 808 

— iliinphene, 872 

— thiophenol ethere, 809 
~ thymol, 853 

, - tlivmol methyl ether, 814 

— tolunitnle, 880 

p-tolyl methyl eulAde, 370 
, — trimethyloyclopentene, 759 
tlunnth^lethvlenn, 752, 754 

— \eratrole, 817 

— \mv] ehloride, 701 

- — «ym-xvlirnol methyl ethere. 811, 812 
, ffolutiim of alummiim ehlonde, eonrlucti^iti 
of, 34, 35 

— , HoUent for aluminum chloride, 25 
l'Arptvl-2-ohlorooyclohexane, formatum of, 895 
, reaction with aluminum ohloride, 491 

— beneene, 128 , 

1 Arpt^1>4-chlurooyolQhesiane, preparation nr 

2- \cetvl-4-ehluro-l-naphthol, preparation of, 707 
AcervlcresoU, preparation of, 808 , 687, 703 , 708 
Atetvlrvclohcaane, preparation of, 750, 759 
AceUlcvclohezeiui, preparation of, 750 
Aretvlcvrlopentane, preparation of, 751 
Z-AretyNp-cymene, preparation of, 2l3 
Acvti'lflihniiofuran, preparation of, 378 
Acetvidibensothiophene, preparation of, 375 
reaction with anetyl ehlonde, 876 

2 Aeetvl*8,6-diathylpheno], preparation of, 704 
fl-4retyl-9,10-dlhvdroanthraDcne, preporation of, 

288 

Arcivldihydroretene, preparation of, 280 
^rctvlrlihydroKybenianthraqumone, pi rparatlon 
of 557 

Vn tvlrlihytlroacybeDaeneB, reaction with acetic 
nnludride, 678 , , 

(5 Aretyl-8,4-dihvdroKyphaiyl)phenylethane, 
preparation of, 707 . , 

( ^- Aretyl-l.l-dihydrogcyphenyDphcnylmethane, 

preparation of, 707 

( 5 - Acetyl-2 ,4 - dihs^oasrphmyOphenylpropatie , 
preparation of, 707 g 

Ari^yldihydrcncsrtruneihylbeneene, preparation of, 
706 

2 Aectyl -4,6-dimethyl -O-athylphenol, preparation 

»f. 706 

® A^Detg-8,4.dim«thyl-3-ethylphf!nol, preparation 

yi'tvlfllmethylnaphthalene, preparation of, 276 
^<^^ldlmethvlph•Dale, preparatiop of. 704 
?.A'*M-m-difth«iylbei5one, preparatlejii of 871 
iADetv1dipheiiy])meitliaiie, preparation of 884 


AoetyldiphEDyttrimeUiylethylene, reaction with 
henaene, 488 

Acetylene, oomplos with aluminum ohlcnide and 
arsnuo ehlonde, 54 
Acetylene, polymerumtion of, 816 
puiification of, 08 

— , reaction with acyl ohlondea, 760 
— , — areenio tnchlonde, 782 

— , — bmiene, 487 
— , — ohlorobenEene, 498 
— , — chlorine, 778 

— , — methyl diohloroaraine, 784 
— , — naphthalene, 488 

— , — phenyldichloroareine, 178, 488 
Acptylcne and other hydrocarbons, polymerisation 
of. 817 

Areivime dibromidc, reaction with bensene, 441 

— hranologs, reaction with acyl halidee, 760 

^ polvmen*, reaction with sulfuryl chloride, 778 

— tutrabromida (eee Tetrabromoethane) 

— telrachlOTide (see Tetraohloroethane) 
Act‘t\lrthylBrpnaphthene, preparation of, 286 
Acptv1-2-ethvlohiyeene, preparation of, 202 
ArpUlpthvMunPthvlphenolB, preparation of, 706 
2 Acrtvlduorcne, prrparation of, 208 
Acpt^1e1^cDllyl chloride, reaction with bemene. 


\r«Hl lialidea (bpp also acptyl bromide and 
arpt\l rhloridp) 

reaction with aromatic hydrocarbons, 218, 222 
Acptvlhnxahvdrocarbaznle, rBaction with acetyl 
ehlondp, 801 

Arptillivdrmdene, preparation nf, 285 
Af Ptvlhvdrnqumone, preparation of, 356, 705 
3-AcBtyl-4-hydroxybiphonyl, preparation of, 688, 
708 

Appt\lIi\droxydimethvlchrnmnnp, preparation of, 

Appti IhvdroxvflavonB, preparation of, 707 
l-\rptvl-2-hvdroxvfluDrenB, preparation of, 706 
Acptvlhydrotvwopropvlcoumaran, preparation of, 
707 . , 

Aprtylhvdroxvmeihylchromonpi, preparation of, 

ArPtvlhvdroxvmpthylooumarins, preparation of, 

678 078, 888 687, 707 

A cel vih vdroxvmethylcydohexenocoumBrm , prepa- 
nilion of 707 

5 - A rntvl - 2- hv droxv-t-iBcpropyltoluene, reaction 
\sith oluminiim chloride, 725 
^rpUlhvdioxvmPthvlchromonB, preparation of, 

733 

Arpt\ 1 -4 -U> di oxyphenylooetonitrile, preparation 

Aeefi Ihvdroxvphenyl acetylpbraiyl ether, prepa- 
ration of, 848 . ... 

5 - Acotvl-B-hvflrr>xvquinohnB, preparation of, WJ 
Acpt> IhvdroTvthiBnaphthene, preparation of, oTO 
5-Acetvl-2-hvdroxytolUBne, preparatira of, 718 
Acet\llirtene reaction with bensena, 
Awtvlmandelyl chloride, reaction with bensenc, 
347 

m-AcBftvlmeBilol, prep^tion of, 8l3 
Acetylmethoxyphenanthrene. prepu^iim of, 341 
AcrtvUnethoxvphenyl acelylpbenyl other, prepa- 

Apotvlmethylpyrrolecarboxylio acid ethyl estw, 

e-ArrtvM-me&^M-diethvlphcn prepaiation 
nf, 705 

Aeelvlmethvl dihy droxyanthraquinono, prepvn- 
tion of, U7 . j.- M mm 

Acptylmetlivlethylphenola, preperaV® ‘P'JK* 
AcetvlmPthvlnaphthalene preparatioii ofJM 
Acelvlmpthylphonyl methyl eulfide, preparation 

Aoetvlmethyltotrahsrdroiiiaphthalene, preparation 

Ac” Wlmethyltetrahvdroquinoline, acylation of, 

Ap'”vln»phth.;ni, (w MrthvI 

Acotvlnaphtholfl, f™^o® “*L**#’ mb' 7M 

Acptvlnaphthvl ethyl ether, dleavage of, 889, 725 
— , pieparation of, 888 



808 


ANHYDROUS ALUMINUM CHLORIDE 


Aoeityliiaphthyl ethyl etheri re m tio n with alutti- 
Mini ohlondei MW 

Awfevl-n-DAphth^ methyl ether. prepanLiicm of 

ass 

Aoetylnitmnisole, prepentioii of, ST^ITQ 
AM^fautrophenetole, preperetinn of, ffS 
2-AeetyIpiiitaiie, pnpM«tlaii of, 744 
AeetylpheiiMeioDitrUe prepweteon of. S80 
AoetytphenanthrqWj from eoetyl elilonde and 
phenefithreiM, 288 
p^Aoetylphenetole. rleavoge of, 725 
— , prepMtian of 880 
Aeetvlpbenol, prepnmtion of. 007, 708, 708 
^-Aretylphencay-p'-ohlorodiethyl ether prepa- 
ntuMi of 815 

bi«(AoetylpheD\l)bfaiiylmethuie. preparatinn of 

AoetylphenylDydohsune, prepereiion of 120 605 
751 

Aept^lphenvIoydopenUne, formation of. 005 
bTe(4-Aoetylphenvi)ethane, preparatinn of. 078 
ADetylphenyl ether preparation of 842 
bieU-Aoet}ipbenyl)methane, preparation of 884 
Aortylphnol phenyl ether, preparation of 708 
AceMphthalio anhydride, reaction with hydio 
qulnone. 557 

— , — naimthohydroquman* 557 
— toluhydroquinone. 557 
Aeetylpvraae, preparation of 291 
Aoetvlpyrogallol trimethvl ether, preparation of 
888 

Acety]p\irolee preparatinn of. 887 
8-AoetylreBareinQl (eee DihyaroxyaoeiophenonrM) 
Aretvlreine, preparation of, 200 
Aeotvlaalieybe Mud. reaotimi with benreoe, 078 
ADetyltetrabydroearbaBole reaction with acru I 
ehinnde, W1 

Aoet 3 rltetndiydroqiijnolinp acylation of, 800 
0- Acetyl -2,5,7 O-tptnunethvlchramone prepam- 
tion of, 700 

Aretytthymyl mrth)l ether preparation of 314 
Acetyl -p-tdmde, reactiim with ohloroaertyl 
chloride, 884 

8-Aeetyl-2,S,4-trielhylphenol preparation nf 705 
AoetvItnmeChylphenms, preparatloD of, 704, 705 
Aeetylurea, preparation of, 785 
Aoetylxylenota, preparatltnk of. Ill, 312 
Arid amidea, preparation of, 298 
Acid anhydndea, preparation of, 702 781 
^ reaction with aroinatio hvdrocarbnne 808 
— . — bemotnchlnride, 014 
— — thionyl chloiide, 014 
Acid ehtondca (are AjcvI halidee) 

Acid hiluica (aee Acyl halidee) 

Amdincearboiylic arid, preparation of 883 414 

Aendone deiiviitrvea, pmmration of, 420 
Acrolein and phenol, reeina from 818 
Aerylie acid, reaotion with ammatie hydrocar- 
bmia and derivatlrwi, 470 
Aorjiyl rhionde, reaotion with p-iylene 228 
Aetivntmff iroiipa m benaene rkf, 58, 174, 101 
IflS, 108 

Aetivntion of midanr haloran, 182 
Aevl halidee, complera with aluminum rhloride 
<•-51, 205-211 

. Fnedel-Crafta reactimiB with, 2040 
, preparation of, 014, 774 
, reaction with acrtylfina and homoloM, 700 
, * adds, unntiinited, 702 
, alioyalio oleAiia. 757 

, baniaoe, 2110 

. — eydopnrafBna, 746 
, - Bthen, 188 
, — ethylene, 786 

, — hetwroc^lfl oempounda of lutiwfen 104 
, ^ hegGBchlorocyrioheaadfene-M-oiie-S, 760 
, -*• hydrafen aiflOde, 760 
, — katoiMa, nrnmatir 600 
, naphthyl ethera, 688 
, ^ Pitnlea, 701 
, nftiw compoimda IM 
■ oMh hyaromihatw, 758 
, ^ faunOhi li^rainrboAa« 741, 745 


Acetyl hnlldea, reaetian wHh phnietole, 800 
, ~ phenol ethers, 188, 808 
, — polynudear hydreoarbena, 268 
. ~ pyrene katonca, 182 
, — thlo-oompouni^ 188 
, ~ vinyl halidcB, 701 

5-Aevl-2-liydnciy-4-iaQprDpyltoluene, prepara- 
tion of, 154 

4 -Acyl reaoraraole, reaoticai with ethvi acito- 
aeetate, 680 

AiJflitinn agents for motor fnda, preparation nf 
402 

tildiLion reaetuma, 455 

- aromatio hydroearbona to oompoiinds aith 
double bonds, 450 

Ailipic acid anhydride, reaction with amsoh 
— . — brasene. 504 
- — phenetole, 504 

Adipvl ohlonde, reaction with benicne 237 
Air (oxygen), reaction with benrrae 052 
\iLoholatci, nalomatod, reacticniB aith aro- 
matin hvaraearhona and etheiH 147 
Alcohols action of aluminum chloride on 017 
620 622 

, dehydration of, 788 

- preparation of 700 
reartiohs with chloral, 147 

— chlonnated aromatic hydrnOArbons 623 
— , — hydrocarbons aromatio, 0170 
^ hydrogen balidra 772 
— , — olefins 708 

^ phenols or phenol ethers, 026 52R 
Aldehyde group, inhibiting edect of 101 102 101 
Aldehyde svnthnias 5050 
Aldehvden aliphatir, reaction with Qronintir 
h^drorarlMms OM M5 781 
, aromatic alkylation of, 173 174 103 
~ halogenated reactions with aroinatiD roin 
pounds 144, 147 
Afdol condensation, 144 145 
Alrloaunes, aromatic, preparation of 150 
Alicvrlte halidee, reaction with arotnatir hvdn) 
earboM M 

Aliovrillr oleins, reaotion with acyl halides 757 
Aliphatic reactions with aluminum chloride 03 

764 

Aliiann intermediate for preparation of 527 
Alkali belide oampleKcs with aluminum (hlnnrl< 
heats of fotmation of 47 
Alkali halide solutions of aluminum chlomli 
hrats of solution of 47 
Alkaloids, clsavagc of, 781 

rraetion with alummiim chloride 724 
Alkoavaewaphthensqumones. preparation of 
Alkoxv aryl tbioglvcolyl ehlonde, ring olosure nf 
425 

Alkoxy duntthylbennldehydea, preparation of 001 
Alkoxy group, actiyating B0ect of, 174 

clra\aga during Fnedel-Crafta reaction 250 

Alkcniy.84c!rtodib^rothiaiiaphthenBB, preparatinn 

of, 425 , 

bis-(Alkcix^Kcnyl) ethers, raaction with Blk\l 
halides, m , 

Alkyl ameolea, praparation of 188 

— nrvl carbimyl chlorides, reaction with pon 
nudnar hydrocarbona. 801 

katoiiea, preparation of, 08, ^ 

Alkylation by tranafar of alkyl nidicaH OWi 
Alkvlation. dve^ng e0eet of methyl group 

— rase Of raaetaon, 77 
fartoni a0aeting, 87 

— , meohaniam, 67, 4500 _ ^ 

— , of aromatica with paiaffina and ryolopeninn' 
409 

— , of hetcroayraliD oxygan oompcmndi, IM 
— , ema-atep alkylation and amrlation, 222 
— . produrla, analyaia of, 01 ^ 

p-Alkyl banaaldahydea preparation of, 

Alkyl banaanra, Reparation of, 000 . IW 

^raaoStt with arpyl 
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Alkyl bonim wi dioli£ni, polymun&aiiim of 
811 

tivpfM, polymrrixatiMi uf 812 
;^|kvl b«lui«nMnilfoii|itM, prepamtion n1 186 
btfiiophODMiei, pr«|>aiatii)u nf 224 
hipUBOS^Bi pnparAlimi »f, 468 
LliToridoft prcpBratioo pf. 781 

rmeUoik with dumuiuni rlilnniU 841 

- chloroouiMaiAtci motion with bin/enp 136 
Bhlorobydrotybiphonylip prepiiration of 182 

- BhJoitMUlfitfli, motion with aluniiiiuin chlo- 
ride, 781 

chloronilfcmntei, reacUon with aronmtir hvilin 
cirbone. 186 ^ , 

^ igrclohaEnnei, renotion with aluminuin I'hloTirlc 
iMomeriiBtion of. 760 

- (,vclobexapono-8*carbincy1atei, reattion with 

ilihydrie phenole, 680 

- diiialidee, motion with diphenyl Pther 188 
dih^droxybeninidehyclee. preparation of 603 

Alkjlnie oxidea, motion with aroinatir rom 
puunrle and aliphatic compoundB 503 766 
Alhyl jpoupa, mtramoleculni miitration of 64 714 
Alkvl haUcleB, Damplexi*fl with aluminum rhlniuli 
48 48. 101 

conductivity of, 103 

conductivity atudy of aluminum cliloiidn 
Hrilutiona 101 

III alkylation with olpfino 181 
preparation of, 178, 770 772 
icartion with aliphatic hMliocuiUmB 737 
alkil pbmide, 178 
- amidea, 152, 163 

- andidea, 162 

- benune, BOff , 130 173 
carbon moncoude, 767 

- chlorobenaeDe, 175 

- clilonidiphwiyl ethers 188 

- rhlorohydroxvbipivLnvl 182 

- cyclohexane, 787 

- diphenyl ether. 187 

- ethen, 188, 188 

- furaa, 160 

- furan eaten, 163 

- furfural, 168 
halodiphenyl ethm 178 

- halogenated biphenvK 178 
. — haloRenobenifne, 174 

heptane, W 

hiteroovelic oanpouinla of nitroKra 164 

- n-hexane, 737 

- load-iodhini alloyn 788 
methyl 2-fiiroate, 20Q 

nitro eompounde, 194 

- phenob, ITWf. 

- thiophona, IM 

- reactivity, onier of, 80 

Bolutioiia of nliminuin haliilpe conductnitj 
nf 108 

Alkyl napbthaaaniiaa, preparation of, 681 
“,J^,f-AnEylphtiKila, laonisncation of, 178 
J/*' PhenoiB, preparaUoD of, 175(7 487 
y Alkvl paeudouatme preparatieni of, 450 
A K\ tetranhloroaluminatea, formation of 467 
A lt Mnltni, impintioB of 4(4 
; tbym^, preparation of 178 

A kvl thymyl ketonea, pnparation nf 358 
J[m 1 xenyl ketonaa, preparation of, 282 
A me, polymerwation of, 818 
All raaction with bmxene 470 

^■Ivl alMbol, motion with benune. 630 
• - Phoaima, 704 

^ Plua methanol, mmplex with aluminum chln- 
riie, 53 

PWnthm of. 080 

with Uneene. 66 121 430 

Allylnul,^ motion with benrenr 470 
•■ter, re^oa with animlp 478 
Aiumini rtection with boron tnchlwidr 880 

-^phoageoe, 8lir 


Aliiiitina, reaction with phoepboryl ohloriilc, 860 
ailioon tetraohlimrip, 860 

— sulfur chlondes, 850 

Aluminum plus aromatic hydrocarbon pliih iiiiv- 
BUnc chloride, complexee with aJuminiini rlilo- 
uric 48 

ibloromethane, complex witli aluminum olilo- 
ridc 40 

— 1r phenyl ohloromBthane, complex with aluini- 
nuin chloride, 46 

Aluminum, reaction with bromme 840 
— , — bromoform, 840 

— — chlonne, 844 

hvdroBen chloride, 840 

, metallic chlondee, 847 
Aliuiununi bromide, bensoazuphpnone Ccinipicx of, 
li 

solubility in benzene, IDO 

— use of, as Catalyat, 500 825 875 
klummum carbide reaction with chlonne and 

hvdroRni obloridp BOO 

Aliuninum carbonate reaction with chlorine 800 
Aluminum chloride, abaorptinn hpecirum nf 21 
addition compoundB of 16, 74 
band apeotrum of 20 
boiltncc pomt of 17 
comparison with otlier cataKste 874 
romplezoe effect on reartiuii xelocity in con- 
ilLnaation of nr\l sulfonvl chlondee with nro 
matJC lompounda, 200 

complex with scetophenoae plus chloral hy- 
irate 162 

aniline Balts ISO 

— auiBole 180 

— benppup 123 

— binzpoR and nitmsyl ehloriili IS8 
briizil chlorNle 122 IQ 101 
Lhloral and acetic acid 147 
4hlnr^Hl|Ihe^^lmethBne 114 
clilnrnform, 114 

— ilichlorobenwnc 175 

— rlirlilorodiphemlmilhani 116 

— dichlornphpnvlnipthanp 114 

— ethyl bromide 122 

— mpiTuric chloride and benzene 124 
nitrobenzene 123 

— nitrobennl chlorirle 150 161 

— — nitrosvl ehlonde 158 

~ triphenylniethyl chloride 118 

ronduotivitv of 21 ff 

constitutional ohanKB on fusion of IG 

rnnstitutional change on solution of 16 

ciilioal temperature of 17 

mstal Inttice nf 22 

enatnlline strueture of 12 

- densitv nf 13 16 

— dipole moment moasurements of b 

— forms of, 18 

— , heat of formation of, 18 

— - fusion of 18 

^ Bublimation of, 18 

— - SBporiaation of 18 

— htdrogenalmK catalyst 565 
inn cmiaaion of 21 
umization of, 15 16 

moltuiB point 16 . . , 

molar pefractiviti in sohenta of 31 
molecular association of 14 
— Btnictiire of 12 
volume of 16 

— weight nf 16 

— optical studies of, M 

— Lirganio eomplexi* of 15 48 

— phosphorescence of 20 

— physical propcrjim of 12 
preparation and manufacture 84Bn 
punhcation of 86417 
ladiDBCtive, 816 

— reartion value of chlorine atims of n 
recovery from hydrocarbon aludgee, 88117 
schematic formulas of 14 15 

— solubility of in non-aiiueous solvents 24, 29 

— solutoons, propertlBB of, 26 

^ solution in bwme conductivity of 31 

- solvates of, 83 
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Aluminum eblonde lolvente for» 14 
— , Bpwufio henl of, 18 

Btonge nd tnnspojrtntiOD of, 887 
— . MblmmtidD of, 16 

— , thannnl ooeffletant of cubieal oKpaiuiion of 16 
— , triple point of, 17 

vipor dsDuty of, 15, 18. 18 
— » ▼iaoority rrietioimbip of solution of 27 
^l^obtfliutioB of, from hydrocorbon reeidues 

z-ray MumunotioD of, 12-18 
— , geBWNiB, oonduetixity of, 21-22 
— neieent, um of 788 

Aliimimtm ehloride reeetioiu. effect of axitaUDn 
on, 871 

— . — unpuntMB on 868 
— , * ordar of addition of reartante 870 
— , — reaBtion oonditioni on, 878 
— , ^ tanpsrature on, 871 
— » — tune on, 871 

— . hydrolyeu of the reaetton eomples, 872 
— . u^uenoe of moisture on. 887 

particle sue of alumuiiijn chloride on 867 

— , ~ reactant quantity used, 870 
isolation of produ^ 872 
— , meohaniam of, 67 

— , removal of evolved hydrofen chloride 872 
Aluminum ethoside, oomplexce mth aluminum 
efalonds^ 81 

Alumlnim Buonde ae a eatalyet, 876 
— , reaciioQ with ammonium chloride 866 
Alumimim halide ammoniatca oonductiiity of 23 
Aluminum hahdee, relationehip of phyeicaJ prop- 
erties of, 16 

— . salubon m mtrobenssne oonductnity of, 81 
Aluminum iodide, as a oatalyet 878 
AluDiiDiim mtnde, complex with aluminum chlo 
nde, 87 

reaction with ohlonne 861 
— , — hydrofen chlonde. 881 
Ajumminn oxyohlnnde catalyit, 169 
Aluminum phenyl preparation of 97 
Aluminum phosphate inaction with ohlonne 861 
Alumunun propoxide complex with aluminum 
ehlonde. U 

Alummum filicide reaction with hydrofen chlo- 
ride, 860 

AJumtnum lulfats reaction with ohlonne, 861 
— , — mcTfanie chloridee 861 
Alummum lulfirie reaction with ehlonne, 861 
-- potaeeium ehloride, 861 
Amber musk, preparation of, 187 
Amidai. aevlatkm of 188 
— , preparation of, MO 
— . reaction with ilk^ halidea, 108 197 
^ bromopropionyl bromide, 888 
— , — Pbthaim anhydride, 887 

haTofoiated, arvl nihatitutlon in, 148 

— maotum with nninaiic hvdrnearboni, 152 
2-AinidopintaiMme-l preparation of, 781 
Araidophsiiola, leaetieii with phthalie anhydride 

888 

Aminas, leylAtfan tif, 181 
alkylation of, 198-194 
— » maikm with alddiydea. 648 

- otalyl ehlonds 488 

— , haletmi nits, aiyl subatitvtioii b, Ml 
Aminoaeid ehlomas, reaction with aromatic 
hydrosiubon, IBS 

Aminoalkyl nivl ketonsi, preparateoa of 258 9 
AinboBnM telyl katona, praparatlon of, 2S8 
AmbomniradiiiiioiNB, raaetkn with alumimim 

ehloridt, S, 881 

I-Amboanthniqumoiieicndoiia, reaction with 
f^diloraanihraq^ona, IBl. 197 
p-Ambobaiiisa n nlfaii y ldimcUiylainide, prspara- 
UflO of, 169 

Amboibeiwoie aeid sstan, motion with bsnsoyl 

181, m 

Aniimensotoffaii^^ itosthyl iidfamlde of, 

of, 188, 188, 847, 


leaetbn wMi phUialto anhydride, 180 


2-Anuno-5-bromD-4-metboxyphsnQl, fonnaiton 

A^nocarbaiole, reaction with phibsllo anhy 
dnde 540 , , , ^ i 

AniinorhloroQisthozyphcDol, fonnatiwi of. 732 
Amuvoohrysene, reaetibn wtth phthalie iDbydiul 
537 

4-Amuiocoersinidonm. preparation of, 636 
4minodiarylpropane, mm D-benwinido-7- 
phmyjpropvl oblonde and bensene, 158 
Aminodibensofuran, motion with phthtlii snln 
dnde 548 

8-Amino-3,5-dimethoiybaaBene, cleavage of 732 
i-Amino-4 5-dunethoxypheool, formation of 732 
P-Aminodiphenylpropane from bensene and p 
benioylaminophenvlpropyl chloride, 153 
Ammocthylcarbasole. motion with phthalie an 
h\dride, 646 

Ammofluoranthene, reaction with phthalie anhy 
dnde 587 

Ammonuorene, reaction with phlhalio Bnli)Jiili 
587 

Aniinofurans aromaticity of, 199 
Ammo group activating effect of 192 
Aininuh>drmdme, preparation of 153 
Aminuhv (iroxyantbraquinones piyparation of 
\niino keto scida, preparation of 581 
AjiiinonietJi)lbiphni\hi. prepsratmn of 156 
rpsction with phthalie anhydride 537 
Vinmonietlolnaphthalene, reaction with phthul 
Bnh>ilndc 536 

Aiiiinomethoxi phenols preparation of 732 
Ammrinsphthoylbensoic acid preparation of 
Aininopfapnanthinie, rsartion miih phthalie an 
hidridc 537 

0 Aniinophenol cthvre cleavage of 731 
f \iuinophrnvl)anthrBauinone preparation cf 53li 
(Aiiimr»phenvl)benioylDBnzoic acid prepnratiun 
nf 536 538 

trninr phthah Irnrbasole, preparation of 540 
\niMiri lithahlchrysraie preparation of 537 
Aminophthahidibinrofuran prcperation of 541 
AnimnphthalylftuDrene. preparation of 537 
AminophthahlphenantliTeiie, pieparatirjn of 63’ 
AminophthaJilpyrene, preparation of. 587 
Amuiopropiophenonea, preparation of 258 
Ammopviene, ruction with phthalie anhydndr 
537 

p Aminoterpbenyl preparatmn of 155 
Ammonia -ammonium chloride—alununum rhln 
nde complex of, 48 .,,01 

Ammonia romplox with aluminum chloride w 
86 87 785 

— reaction with fenebone, 786 

ketones, 785 . , j « 

liquid, solvent for alummum clilnrirt^e m 

— potassium chloride— alum mum olilonde com 
plsx of, 40 

— , — BMiuni chloride -aluminum chloride com 
pin of 42-48 

Ammonium benioate, resction mlh sluminum 
ehlonds, 648 

Anunomum chlonde, cirnipletes with aljmmiim 
rhlonde. 41, 48, 45 
AmyU, (eea also isoamyl-) 
p-Amylaestophenona, preparation of 93 
Amyl aleohou. oomplcsm with aluminum 
nde, 82 ,, , 

, reaction with aluminum chlnrule Bin 
anisdle, 627 
• benssns, 622 
‘ ohlorobciuene, 628 
, — l-ohloronaphthaliDe 628 

phenol, 627 628 >74 

Amyl aceUte, wth ^jjne 674 

Aznylbenssnea, prip6ratic« of, 78 8i 
462, 661, 662 ^ ^ ^ 

— , — pbthdie anhydnds, 824 
— , solvent for aluminum chlonde. » 
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^rrl^Amylbiomobonim, pripaiutum nf, 170 
4-n-AmyIntBehoL, piepaxation ut, 705 
Amyl cblorideft (see aiBo unamyl chlondasl 
allcyUtioik of high molocuLar weight oom- 
pounds, lU 

, oondueiivlty itudy of aluniinmn ohlunde ui 

, pnpmUDn of, 010, 771 
, roaetion with iluiumuni chUiriili . 0 

— boum, 7Sff , i50 

— beniBoe and acotic oa 

— 2-furfttr«L, M2 

— fiiroaiBO. Ml, MS 

— naphthaleiU}, 105, 720 
_ phenyl ethera, IBS 

- eolvent for Bluminum ehlondc 24 

t rt AmylDhlorobeoxenee, prppamtion of 023 
Alin I rhlorooubonate, ranctiun aiUi benzene 
170 OSD 

toluene, 130 

\iinl rhloTo^oiylate, rcaotion with btnzimo n 
(iluinL 352 

\unl pvelohrjcanp Teaotion witli eluminum clilo 
imU 824 

r linyl 2 6-dunetliaxvbMi/ine ronction with 
71 ottci\I clilonde, 880 

4 Antyl 1 S-dimethylboiirinr iifirranguuint and 
ismiPiism of B5 
Am^line (bob aleo penicnp) 
cyrliraiion of, 702 
piil\mBri7ation of, 700 7 00 
riALiion with Blununiini cLIutiK 702 
hsospn^, 461 

- dccahne, 744 

- hydrogen eliloridr 771 

Ann hill and eUiyl alcuhul pnhnuri/atiun of 
79D 

iHuprcne polymerirntion of 812 
iitinleiun ether pol> uieriaation rf 700 
7 \m\lfluoropbenetorp, action of Hluimiiuin dilo 
niit on 181 

^nnl halides, rsaotion with fumn eeUrH 103 
201 202 

Ann lh> droxymethyloxyoctophmunefl, prc pnrutjon 
t f 830 

Annl iodide, reaction with naplitliaUnc 720 
Inn jiiialonyl chloride, roartvun with p-cipsol 440 
AmvInaphUialenei, pnparntion of 105 623 
btivl nitrite, reaction with bonzenc 653 
fLrt>Ain>lph«nol, preparation of, 180 181 628 
^ 0*02* Amylphenoi, reaction with beiizim 880 

AmNlphin}! ketone, preparation of, 212 
'5in>lplif nvl methyl ketone preparation of 223 

^ 1^*63^"**^^^**^*”**^ *^^*®^*'**' 

Ann Ipi apiophenone,* preparation of, 223 
Ann toluene, preparation of, 82 130 
Ann tolylamine, preparation of, 152 

Amvltt»J\l methyl ketonei, preparation of 223 
n Anureljeii lactone reaction with lini/ini 40! 
Aiulidm priparation of 861, 801 506 
1 haliden 102 

1 Aniii(ip<4-ehlaroantlirBq^uuione-2-eaibn\i K1 
rhinrido, nng elnsure m 420 
Aniline feee abo under dialkylanilims) dnitcni- 
tion of 61 

of, IM, 157, MO 

piUB hvarogen shlonde, complex with aluini 
niim chloride, 58 
rmctipn with anetone. 688 
uithraquinone, 088 

- carbon dioxide. 500 

- ovanuito ohlonds, 152 

- methyl eth^ ketone, 585 
. ealiovlio add, M 

Amhne hjdroehloride, reaction aith mtdh^l rhlo 
Faaetlon with aluminum tlilornle 

Bimninum ehloride. 580 

j|naiho,te(traph«iJinietluuiB, preparatum of 
NMtiOO with iMIlMlie 4U 


Anmlilehyde, alkylation of, 188 
, prepaiation of, 187, 150, 100, 604 
— . nation with uopropyl shlonde, lOl. 108 
Aniaaldelwds dibenzoats, preparaiioii of, lOQ 
Aniaamide preparatum of, MB 
AniHiQ acid, from anisole and biomonitromelh- 
am ISO 

Anihil. preparation of, 804 
Aiii<iiilB“-^itetyl chlcinde eolution of aliuiimuiii 
Llilnnili., oondurtivity of, 31 

iltavnge of, 725 

(nniploxee with alumuium diluiuh B2 

II action with acetic anhydridu 671 
acetyl chloride, 81, 302 
adipic anhydride, 504 
allylmalonic acid, eUiyl ebtir of 478 
nec-amyl alcohol, 027 
aniByl chloride, 805 
o-bensoquinonp, 651 
benzoyl chloride, 31 304 
htn/ovl cyanide, 63B 
btnzyl alcohol, 02B 
bmryl chloride, 125 IBO 

— bionial 147 

— - bionioacetal, 147 

brumnacetyl bnunide 803 
ri bniniubenzoyl chloride, 805 
hrnm imtromethanc 158, 150 ISO 
sir butyl alcohol 620 

— butyl chlorides, 188 

— billy ryl oliloridc, 803 
camphoric anhydride 574 
71 capiDvl chloride 304 
cirbun trtrachlonde IBO 
carbonyl cliloiide, 347 

— chloral 147 

ohloi mated parafim wax 18D 
chloioacptyl chloride, 802 
f lilorobenmyl chlondcb, 304 
rhlnnmiithylcnp dibcnzoatt 137 100 
r 111 niophenvl enthrone 141 180 
tinnamoyl thlondt 805 
c >iiinaiilyl chloride 806 
— • lyunic and 348 

LVHiiugen bromide, 140 

(libirmoncitaldehyde, 147 

ilicliinro p arainobenzoxl chlondr 270 

diuduphthalir anhydride, 545 

(luiiLthoxybuizoyl chloride, 805 

rliiiuUiiiwph halic anhydride 552 

ilimtthylmalonyl chloride, 448 

iliplipnir anhydride 502 

diphiiioyl chloiidc 205 

fluorpnoni 4 carboxilyl chlondr 800 

— tuniaryl chloiide, 804 
luroir acid 477 
Rliitaiyl ohlondp 304 
litptaiii)\l chloride 804 

li\ dnocarpic acid etli\l astei of 47S 
liMliogen cyanide 004 
hvilroxymphthnyl bhloiidp, 306 
isianiyl Lhlmide, IBO 
iqi)but\l bromide, 186 
i»<riT)ropvl iilcDhol 020 
ketene, 470 

niethoxvmptlulphthnlic anliydndi 552 
inetlioM phony lauccmio anh\diiiU 502 
nicolinyl chloride, 830 
p nitiobtfizoyl chloride 845 746 
nonoanovl chloride, 804 
oleic acid 472 475 
oMilxl rliloride, 804 

— pnlmitoyl clilonde, 804 

— phpnoxvBcetv 1 chloride, 805 
plipnyl isothmcy snate, 848 
phin^ Ipiopiolio acid chloride 305 
phosi inni^ trirhlonde 168 160, 101 
phthalic anhydride 532 

picoliiiyl chloride, 840 
piopionic anhydride, 571 
propionyl chlonde, 303 
pyridinecarboxylyl ohloridL 387 
pucoinio anhydride, 588 
sulfur dioxide, 509 

— tLlrBchlarophtnallo anhydride, 64B 
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Anisole, motion with thiooyl ohlorids, 81, 850 
— f ^ thiophoOBone, 851 
'-i ^ trumutyl bomte, 881 

• undooylcnio noid, ethyl ester of, 478 
— , n-vftleroyl chlonde, 804 
— , — ventroyl ehloride, 808 
— — imo oyiuude, 808 
— , solvBQl for eluminum chlonde, 85 

— al mnmiim ohlondo, oooduotivity of solu- 
tions of, 80 

o-ADisoleiLio-^'naphthol, Dlenvage of, 731 
Amsolesulfiiuo aoiu, preparation of, 500 
Anisonitnle from anuole and cyanogen haltdm 
148 

Anisoyl ohlonde, reaotiOD with anisole, 805 

— 9-emol methyl pther, 800 

— • — hydroKyhydroquinone trimeth)! etlier, 335 
— , — phlorogluDiiiol, 858 
— , — phloroglucuiol trimethyl etliei , 388 
— , — toluene. 351 
— , — veratrale, 810 
Anisoylfluorenone, preparation of, 503 
Anuoylphloroglunnol, preparatiim ol 356 
Amaovlvaleric acid, preparation of, 584 
Aniflyiohlarophasphioe, preparation of 160 101 
Anisylmtroinethane, from anisole end bromn 
mtromethane, 158 

p-Anuyl phenoxymethyl ketone, preparation of. 
885 

Anisylpbmylantbrone, preparation of, 141 
Anisyl a-pvridyl ketone, preparation of. 348 
P‘Anisvl p-tolyl ketone, preparatinn of, 851 
Anthracene, formation of, 10, 430, 442, 000 824, 
641. 843 645, 710, 720, 721 
— , plus acid chlnriiles, coniplesee with aluminum 
chlondr, 50 

— , preparation of, 108, 100, 118, 118, 122, 126 
142, 438 428, 441 

- , reaction with acetyl ehlonde 285 
— , — acrylic acid, 470 

— aluminum chloride 730 

— , ^ autliraquinonecarboxylyl chloiuliA, 288 
— , benioic enhy dnde 

— , — benioyl chloride, 287 
— , — bromal, 140 
— , ^ chloral, 148 

— , chlorinated parai&n wax 830 

— , — ohloromethvleneformomidiDc, 807 
— , — rinnauiic acid 470 
— , — diethylmalonyl ohlnnde 287, 447 
— , ^ dimethy Imalonyl chlonde, 280 447 
— , » S-hesone, 484 
— , ^ hydrogen cyanide, 607 

- , — maleic acid, 470 

— , — > maloDic aad, duutnlp of 508 

— malonyl chloride, 280, 447 
-- oleAns, 484 

— * — dsio acid, 472 

— oxalyl chlonde, 285, 450 

— phoagMie. 280 
phthalw aah^nde, 524 

— , ^ proptonvl ohlonde, 385 

— propsdene, 484 

— , — ftearoyl chlonde, 840 
— , — siiecmic anhvdrido, 886 
stmeture of. 118 

Antfaraeaneoarhoxylic adds, preparation of, 285 
Anthraecoeearboirylyl ohiorida, preparation of, 

288 

Anthracene denvativea, fannatkm of, 186, 137, 
718 

~ motiim with malne anhydnde, 132 
Anthiaeene-8,18-djbutync acid, frain bensenc and 
O'^Cbloro-'V^valerdlactone, 188 
Anthracenedicarboxylia acid anhydride, reaction 
WHh dihydroxydihydionatihthacenequinone, 589 
OflO-Aothracawdiohloroethylime, from ohJonil 
and anthncenc, 148 

Ajrthraoaiiadiliydme, pnpgmtioii of, 428 
Antbracsnodictbyliiidandione, preparation of, 287. 
417 

Aatturacenedhnethjdfaidaiidloao, preparation of, 
Aflthracen ol ndaa di eoa, prsparatioa of, 888, 447 


I.B-AnthracannindandioiHi, dUratimida, prepara 
tion of, 6M 

Anthracene nitnles, preparation of, 140 * 

0,10-Aiithracenetnohlororaane, from lAloral »ud 
aiithiacene, 148 

a-Anthraoyl alkyl ketones, preparation of, 080 
P’Anthracyl alkyl ketones, preparation of, 080 
msro -Anthracy] alkyl ketonea, reaction with alu- 
mmum chlonde, «80 

Anthrseyl ethyl ketonss, preparation of 285 
Anthraoyl methyl ketones, preparation of, 285 
Anthra^lol, preparation of, 583 
Anthrenol mewyl ether, reacliun with cyanosin 
halidm, 150 

AnthrapbeDone, preparation of, 287 -B 
Anthraquinone, complex with alummum chloiidt 
60 

— , formation of, 8, 188, 240. 240, 420, 511 
— , reaction wjth aniline, 685 

— dunethylamlme, 838, 882 
Anihraquuioneanidcmes, preparation of, 414 till 
Anthraquinanr-O-unilidocarboxjhl chloride niiK 

rloBure of, 420 

Anthraquinonrcaihmylyl chlorides, react iim with 
anthracenp, 288 
— , — bcnznie 214 
^ chlniobenzene, 217 

— naphthalene, 278 

— toluene, 224 

Anthraqumnne chloride, reaction with dietli>I 
aniline, 196 

— , — duneth^laniline, 198 
Anthraquinone- B lO-disiid, preparation of, 63i 
Anthraquinonnclirarboxx he acid anhydride, nui 
tion with benrene 583 
— , — riilivdroquinnsarme, 583 
— ^ hvdroquinone, 563 

\uthraquinono-I,2-inoxBKole, preparation of 647 
Anthraquinouesulfonio acid preparation of 553 
1 3 5 7-AnthraailinonDtetrararboxvlyl chloride 
rvartion with eJilorobenicne, 240 
4 a-Anthraquinonvlaminoanthraquinoiic-1,2 
arndont, prepaiatinn of, 102, 107 
2-Anthracjuiiuinv] aryl sulfides preparatiim of 
108 

4^.(3^.AnthTa(iuinonyl) -2-beQiDvlbcnsoui acid, 
preparation of, 526 

N-Anthraqumonylisatma, preparation of, BO, 419 
451 

nvotion with alummum chloride and rhln 
rule, 812 

Anthraqumonyl naphthyl ketones, preparation oi 
278 

rmction with aluminum chlonde, 850 
I'Antliraqumonyl phenyl sulfide, pieperalinn of 

1- Anthroquinonyl sulfur chloride, reaction wJth 
benrene, 185 

2- AnthniqumonvI sulfur chloride, rcaciion wuii 

aromatic hydrocarbons, 188 , , , 

Anthrunides, reaction with aluminum cliloniit' 
657 

a-Anthrol, reaction with acrylic acid, 470 
Anthrol aBtera, preparaticai of, 182 
Anthrdls, alkylation of. 182 

8-(0-Anthron-10-yl)-l-nydrindone, preparolitm 

j 1. 

Anthronyl^ni^phenyOpropionyl ohlonde, cyrii- 

reaction’ with bensene, 267 . , , .a, 

ff-fO-Anthron-lO-ylV-lB-phenylpropionyl clilorirti 
nng closure of, 408 « kaji 

Anthroylpropionir amd, .an 

Antiarul, reaction with acetyl ohlw^*** 

Antimony rhlonde, catalsrst, 167. 8m 
, rcnnplexM with alummum ehlonde, 

Antimony halidm, aolution in nitrobenrene, 
duotivitv of. 31 _ 

Antimony tnfiromidc, campln with alumm 
chlonde, 47 . * oAi 

Antioxidants, preparation of, lOO, Bti 
Antieeptlos, binlietiyl dnnvatiyrt as, 182 
Andkvi idoohtw, rcaethm o^8l8 


— , reaction with phamla. 820 
Aralkyl smlnaa, prcpaiatU of. lU 
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Anlkyt olilorid«ii cyrlisation of, 413 

Aralkyl mil&lfli, raoetton with nrcnimtic Lvdro- 
oarbau, m JU 
— , 138 

Aralkyl hydroxy aeida, Bcylation of, 261 
Aralkyl ketoiua, alkyUticn of, 178 
AroowtiD raieri, alk^ation of, 173 
Aromatie othore raaotioiis with haloBenated aide 
hydra, aloobolatra and aoetala. 147 
leamion with long chain alipliatio halidra 
183*8 

Aromatieity of ring oompoimds, relative, 109 
Arumatio ketonaa, alkyUtion of 173 
, reaotum with phthalio anhydridp 638 
Aronmtio aelenonium aalta, prepaiaiinn uf 107 
Aiomatio unaaturated oonipounda polymenzHtiun 
of, 813 

Aroyl boMoic acida, rura doaure of, 039 
o-Aroyl banaoio acids, formation of 8 

Aroyl piopionyl chlorideB, nna rluaure of 424 
Arsenic chloride as a catabst 013 
Arsemc compounds, acylation of, 383 
— , replarrment of halogen in, 135 
Aisrjiio compounds, faeterucyBlic, pnpuratinn of 
172 

Arbcnio halides, reaotions with benzrnp homologb 
171 

Ai-senic triciilDride, reaction with aietvlene 7B2 
~ - bensane, 171 

- — diphenyl ether, 172, 101, 433 442 
— , — ethylene, 784 

— - phenyl a-naphthyl ether, 172 191 442 

Btyrena, 171 

plus acetyl me oomplex with alum mum eldo 
ride, 54 

Ainenious oxide, reacbon with nromotic com 
pounds 010 

— ^ diphenylamine hydrochloride 510 
Anunea, preparation of, 171 

Aniine»-aiyl, reanbon with aluminum chlnridi 
724 

Arylammoanthraquioonecarboxvlyl chlonden ring 
closure of, 430 

N-Arylammcanthraquinonee, reaction with oxahl 
chlonde, 888, 451 

Arylated glvcyl chlondee, nng cloeure nf 417 
Aryl ohlornphoaphmra, preparation of, IN 
Aiyl glycolic acidi, reaction with bensene 493 
Arvl gbroxale, reaction with aromatic oompt undh 
403 

Arvl glvoxybc acids, formation of 437 
Aryl iBothioeyanateBi reaction with aromatic 
hydrocarbons, 500 

^ Aryl meroapio propionyl chlorides, ring clnsiin 
nf 424 

fi Aryl oxy omnamoyl ohiondoa, nng closiiri of 
306 

^ Arvl phthalimidra, rearrangarnmt of 711 
N-Arvi pseudoiaatina, pieparation of 450 
Ar>l stearic amds, preparation of, 474 
Anj Bulfomum ealts. preparation of, 160 

yoolyl obiondra, nng closure of 423 
426 

Aivl tnohloromcthvl ketones, preparation of 606 
Atomic number factor, inorganic complexes 47 
Atomic Volume, raorgamo lomplexes, 47 
Au™ preparation of, 10, 158 608 
Aut^mtnicbva alkylation, 78h, 821 
ABnbensene, reactioD with aluminum rhlonde 
087 

ammatie hydrocarbons, 156 
Msene. 000 
^ — bmhenyl. 160 
. ~ phenol, 100 

„ A '?™P0»nids, alkoxy cleavage of 730 
Aiotoluene hydroworide, renriion with aro 
>nabr hydroearbona, 150 


B. 


gftwyer reaction, 164, 140, 117 

aluminum rlilo 

with oarbamvl rhloiidi, 300 
reaction with chloriDe. 840 . 

^tMCUthrcnequhioM, preparation of, 880 


Bensacrldone, preparation of, 420 
lienealacetoue, reacbon wi^ bensene, 485 
B^alacetoplienone, reaction with bensene, 480. 

Bpn/Rlacetuphennne dibromide, prnparabon of, 

240 

finiriil-p-bromoacetophmone, frum omnamoyl 
Lhloiide and bromobeniene, 248 
Bpiiral rhlonde reaction with bensene, 120, 127, 
423. 441 

— , — 3,3'-tetrametliyldiammobiphenyl, 194 
“ — thiophene, 198 

— — \Bratrole, 189 

— — o-xylMfiB, 127 
Bpnraldfhvde, alkylation of, 186 

hvdroxy, substituted preparation of, 063 
pieparation of, 158, 586 596 5N, 606 740 
reaction with acetophenone, 638 

— aluminum chloride, 645 
— , — bensene 645 

, — biphenyl, 646 

isopropyl chloride 191, 103 
— , tolueue, 645 

— xylenes, 646 

sohent fnr aluminum chloride, 25 
Binroldoxuni, mechanism, preparation of, 150 
Benrallepiduip reaction with bensene, 484 
DenzAlmentlioiiD, rearbon wtih benrene, 481 
Benrnl-p methoxyocetophenone, preparabon of, 
305 

Binzal p-phenoxvacetophenone, preparation of 
343 

Binzalpmacolone reaction with bensene, 486 
— Lhlurobeuzene, 485 

lUuzalquinaJdine, reaction with benrcfie 483 
Bmeamidc complex with aluminum chloride, 50 
preparatiun of, 259, 261 
leaotion with alummum chloride, 646 
Henzamides reactions with N-alk>i halides, 152 
Benznmidoacetyl chloride, reacbon with \eiH- 
trnle 346 

Benramidoacet^lvorabolB, preparation of 346 
DcnzomidobenzoylnaphthalenB preparation of 382 
Bcnramidocaprophene, preparation of, 258 
Bensamidophonol, reaction with phthalic anhy- 
dride, 538 

4-(Ben7BmidDphfui>l)ethyl chlonde, prepaiation 
of 153 

4 (BcnramidDphenyOphpnyl propone, preparation 
of 153 

4-(DenrnmidDpheDyl)propyl chlonde, prepaiiitinn 
of, 153 

Biiizanilide, preparabon of 261 
Btnrniiiliduniilo chlorides, reactiuns witli dialk>l- 
amlines 164 196 381 

— tiluidiiiss, naphthylamiDPS, and anilines 
164 

1 2 Benrunthracene reaction with N-methvIcnr- 
bam\l rhlonde 8N 
- oxalvl chloride, 286 

1,2-BenzanthTUCfme 8 acetyl chloride, nng eln- 
Bure nl 398 

1 2-Bpn7HnthrHeenecarboxylio acid, preparation 
of, 286 ^ 

Bensanihraquinones preparation of 560 
Ben/untbrene reaction with aluminum chloride, 
720 

Benranthrone preparation of, 890, 649 689 

— roiirtion witli bensoyl chlonde 862 
Bensanthronedicarboxylio acid, preparation of 

654 

Bcnsanthrone-pen-dicarboxylio acid, prcparat.nn 

of. BW , . r 

Benranthronaquinoline, acylation of 8W " 

— , leaction with hensovl chloride 862 
Benzene, bromination of, 611 
— . chlonnabon of, 610 , nc inn 

— , complex with aluminum bromide, 87 96, IN 

— complex with aluminum chloride, 48-N, 58, 
69 87 88 

— cdmplex with ethvl bromide and slumuium 
ohloridn 82, 101-2 

— , doBulfuriBBtum 833 
— , effect of aluiiiiniini cldonde on, 713 
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Boiksm, tifeot on oondiiotlvity of iolutioM of 
nltim mii rt t ohlorido, IS 
ionnatioa of^ 716, 717, 716, 716, 7SD, 7» 

— , iiiMlubility of oluminum ohlondo in, S6 
— , oxidation of, 8 
punficatioQ of, 882 
•», reaction with ai»taldeh 3 rde, 643 
— , — aoetio acid, 664 

— ooetiD onh^nde, 8. 666, 671 
— , — Y-acctany-Y-valBroiictonc 465 
— , — iH)atainido|inthalic anhydride 5^1 

* ao«t$l chloride 10517 
— , — ooet^ chloride and oclohrxmip 604 
— , — acetylene, 467 

— acetylene dibroinide. 441 
aeet^ene tetmbromide 480 

-- ooetylketenc, 481 
— , — ooetyliolu^ljo acid, 673 
— , — OGiylio a«ad, 470 
— , — od^io anhydride 564 
— , — air, 668 

— • aliphatic aldehydee 648 

— alkyl ohlorocarbcmates 186 

— — alkyl cbloromethanM, 106 

— alkyl ehlarooulfonatee, 166 

— alkyl holidec, 7817 ll6 178 

— ollylooetk ooid, 470 

— I ollyl alcohol, 680 

— allyl ohlonde, M, 121 460, 441 665 876 
— . — olMmalooio acid 470 

— , — aluminum chlonde, 710, 828 
— , — 7crf-am\l alrohol, 682 

— — fert-amylbenaenca, 001 

- - tert-omyl bromide, 61 

- — amyl elilondc, 78 81 458 

— amyl chlonde and nielir anh\dridr 03 
, — amyl ehlorocarbonatp 680 

— , — amyl mtrite 083 
— , ^ p>fcp4*ainylphcnol, 089 092 
— , — a-anfeliea lactone, 405 

- — p aniwJacetDphenonp 481 

- — aAthraauinonedi[arbox)lK and anlodiide 


- 1 onthroquinoml eulfur rhlortdo 169 

* areenio triclilonrlc 171 

^ Btyl ffly colic oride 496 

- aaobmienc, 156 660 

- benaolacetone 465 

- bensolaeetophmnnp 480 484 
beniol chlonde 120 127 428 441 

- bcnaoldehyde, 645 
faenaollepidine, 484 

- baiEabncnthanc 481 
benialpinaGolani 485 
beniolquiiialdine 483 
bonienadtaBtinium chloride 155 
benohydrol 024 
benadnydiylanptonee 465 
bcniohydrvlnirthyl Btyr>l krtanre 481 
beoaoie anhydride 673 
benoophanonc oxmip 647 
p^bciuramimone 661 
bcniotnmioridc, 187 
/f-bcnxoylBerylic acid 472 
4-bcnroylaminobiphen^ I 153 
p<banioylaiiiinciphen»lpropyl chloride 158 
o^bnuoylbcDEo^ chloride, 440, 451 
bencoyl cyanide, 667 

benximfottnie acid 403 

bcnayl alcohol, 684 

benxyl bcnroate, 674 

benoyl eblonde, 0, 128 488 441, 877 

beniyldiphcnylmbmol 681 

bameol, 688 

bomyl chloride, 128 

brcinal, 147 

bromoahthrone. 168 

brcntobenaalqumaldine. 186 

bie<bronioefhyl)benMnet 186 

bromoii^itt^ddhyde, 144*6 

n*bniiDniaoDiityfl bromide, 433 443 

lnH9inoii«pbtfaai«Da, IBS 011 

bromomtotimcthane, 161 

cjsss;s&?Li. « 


, — j- With hi«(p''brQniophenyl)Hul 

Ionium diohlonde, 166 
-, — bromophthoUc onhydnde, 643 
p-bromoetUbone, 486 

— d‘bronioatVTene dibromtde 127 429 

— hramo-ai-toluki acid, 185 160 

. — butenc*8 and ooctyl chlonde, 605 
, -- butyl acetate, 670 
. — Mre-butyi oc^te, 676 
. butyl oioohola, Ml 

— butyl ohlondec, 61, 01 102 

— n-butyl chloroeuldU 100 

— but\l ehlarocidfoniitr 100 062 

- butyl mten, 675 
^ butyl fluonde, 81 

- - butyl halidec, 81 

- trrt -butyl bypochlontp 08^ 

, — p- tert -butylpnenol, 660 692 

n-but>l eulflte, 682 

— butyrudehyde 646 

— ^-oimpholenic acid, 470 

— oompholnle 405 

- - camphoric iinlii>drii]e 574 

, — ^-corbtthuonthyl toluene p ^ulfrinfitr 6m 
“* — carbon dii li 6 608 500 

— carbon monoxide and hydrocen rid m h 
590 508 

— carbon ti tmehlondo 7 0 113 liorr 176 
177 

— (carbnx\binroyl)phthiilio anhvdndc 

— chloral 144 145. 147 

— oldoral hydrate, 147 

— ridorinated paraffin hydrorarbrmn Ot 

- — chlorinated paraffin wax, 835 

— rhlortiaoBtone. 132 

— rldoroaoetonitrile, 155, 500 
chlororuetyl cyclohexane, 129 

, (eKloniainyl)bensamidB 140 152 

— ohloroomyl phepyl illitf, 141 
^ chloroonthronee, 141 

— (chlDrDbenaal)acc.tone, 140 

— o-eblorobenraldrhyde, 045 

— (p ehlorobenralMcpiduie, 103 484 
(n-Dhlorobenaal)pfnacolone and o frldm 

bi iiral)puiao(done 485 

(n-chlorobaiBal)qui]iH]dme 102 163 4S1 

- ^ chlorobutyrlo o^. 156 

- - ^-chlorobutyryl ehloridc 443 

rhloroomnamic acid, 471 464 

- — rhlorodunethyli8obutylmethBn» 107 

- - chlorodjmethyl-ii-prop\lniethuiii 107 

d-chloroetbvl alcohol 020 
a-ohloroethvlben»ene 441 

— /S'chloroethyl toluenc-p milfonati 106 6 h> 
ohlornform 7, 0. 114, 428 441 

- — N-r-BhlDrohexylbrnaomule 152 

— 3-Dbloro-4-hydroixvquina»olmp 182 

— rhloro ketonee 756 

— chloromethanee 108 

— bn(chlorairoBthvl)benaophmnni 14n 

- - chloromethylcyrlohexane 128 

— ehloromethylene dibenroetr 135 m7 

— ohlorompthylenpronnamiilinr 507 

■ , — chlorom ethyl ethyl ether 141 142 

— rhlorometliyl methyl ether H2 

- chlorometbyl propyl ether 142 
N-(chloromethvl)supriiumide 102 

- rhloronaphtholene, 182 
p-chior 


(p-chrori3phenyl)cinnoinio acid 472 48) 
rldDronlienylethone, 125 

- bia(phIorophHivl)propiopnencine 
rhlnropicnn, 10, 158 
^-ebloropropiwl chlonde, 4tt 
rhloropropy! phenyl ether, 143 

- S-chlonKiauioiolinc, 161 
o-ohloroedenobenaoyl ohloride 
rhlorotetrabromophenol WM 

— chlorotncthylmethane 107 

- chlorovolerolactone, 188 

— j9-chlorovinylan1ne 

— 5-chloPoyiny!tUohlorOBiaine, 172 

— rinohopieronic acid anhydrMU 

— eijiiiamio and, 469 471 
, - emwcQd dhlorkln 481 
, — oitranm anhydride, 503 


140 


440 452 


570 
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Deii»*iie, reution with coumarilifi aaid, 477 4DQ 
ooumarin. 496 
, ^ onokad fMoline. 161 
^ ^ oroionio uud, 469, 472 
— , — jB'Oymnoatbyl toluenc--p-iiulfuiiiiLt 690 

— gyumm W4 

— cyMogan bromid*, lU 

. » 'y-oyanovAlercilMtoiie, 4B6 

— oyclobutlioubiiiol, 624 

- , — f^oheunadiaeetic uihydridp 57a 

oyclDheuDol, 626 

— cyclobaEBDe, 468 

— ^'-o> olohwwnyliectio Mid, 47S 
-- — eyclohezyl MoUite, 678 

, ~ ovolohesylbeiueiiB, 692 
cyolohaxylcarbmol 624 

— cyrlohwl ohlorid^, 128 

— c^doppntaneduicptic Bnh>dride 673 

— oolopentene, 466, 602 

, oclopuntylcorbuiol, 624 

— c)d<3peDtyl ohiondp 129 

— c\ clopropane, 601 878 
d(»r\rl ohlonde, 139 
dtuterium ohlonde, 61 93 

- dmmylena, 401 

- (lihMiABlaootoiujB, 485 

— dibMk7oyl peroxide 510 

— dibromubutyric and, 137 138 
, - dibroinocydnhexanp, 129 477 

— a fl-dibromoethylbenoene, 429, 441 

— dibrnmoofthvleDe, 121 

— a 6-dibromo-o-hydroZ} -boncyl bromide 
694 

3 5-dibroiilo-p-hydroxy-benzyl bruniidi 
694 

, - dibromomolnc anindiide 1B3 

— dihromopropane 113 

— dibromocnjccinio anhydride 592 

— p-terf-dibutylbcnBene, 601 

— di n-butyl ether 685 
~ dibiityl iulfate 681 

— diehloroniithronr. 133 

— dichlorobenrohyarvlpiiiarnlone 140 

— dichlorabenxo^lpropane 130 

— diohlorobroroanthrone, 133 

— — dichlororsdohnane, 127, 695 

riiohlorodimediylhexanp, 113 

— p ^'-dichlnrodivmvlcbloronTnnc 172 
““ a ^-rhrhlorcidjethyl ether 143 

— dichloroheptane, 113 

3 a-diehlorooxindole 101 

— biir(p-chloropheiiyl)2 bin/o^Ullivlino 48 1 

— /9,^-bie(p-ohloropheni Dpiopiophenonr 484 
“ dirhiorophthelic anh\ dudes 544 

— dichloTOitllbene, 486 

5 5-dJoliloirothiantlirtm 166 

— dichlorotribrdninphniul 694 

— dievdohexylbenrenn 692 

— dieUivIbeuene, 690 

— rtiethvl carbonate 681 

— diethylmalonvl ehloride 436 
-- diethvUiuooinio anh^ dnde 592 

— diethvl eulfate, 681 
dihydroxynthraquinonedicaibux^ lir 

— diiodophthalip anhydride, 544 

— diuabuioie, 461 

— diisopropyl iulfate, 68! 
uunethOKvphthaliQ anhydride 552 
dimethyl -n-butyloarbinol 022 

— dimethyl butylcarbmol 822 
dimethyl -fert- but vlcarh mol, 622 

— dimethvlethylcarbmol 622 

" dimethyl dutaric inhvdnde 693 

— dunethvimfdonyl rhlonde 445 

— dimethyl -a- propyl oarbinol, 622 

— dimethvliiiopim\lrarbionl 922 

— dunethyleuPTinie anlndnde 692 

— dlmethvl jnilfate, 681 
dmitrohydroxybimenvl chloride 482 

*" 3“^!*''o**^bcyl Dhioride, 440 
1 P »i»hvdnda, M2 

— 1 l*>diphenvl-2-benBoylethylene, 486 
^ 3Pt“>yjdiphthilidyl BUilflde, 497 

dlpbenylm^yeoliD aold, 646 


Benzuie, reaction with diphenylmdono, 4H 

— — 2,4-diphBnyl-4-methylpentenB*2, 4M 

diphenylphthelide, 496 

— diphenyl Bclenium diohlnride, 167 

, - 1 1 diphonyl Z-trimetbylBoetylethylene, 486 
dipropylmalonyl chloride, 446 

— elaidic acid, 472 
— Mttra, 873, 674 

— — ethyl acetate, 674 070 

— etiul aloohol 619 

— ethyl benzyl ethir, 685 

— ethyl bromide, HI, 102 
, Lth>l butyrate, 07B 

— i tin I chlDiide, 81 89, 100 
cth\l till orocorb one te, 186, 080 

— a pthxhinnamiG acid 409 

— N -eth\l-3 3-dichloroindole, 101 

— ethylene 4508, 691, 877 

— ethylene dichlnndo, 110, 111 
— LtlnleuL tnbroroide 115 

— eth^l ethir 084 

— ithyl formate, 670, 677 

— ethyl hdlidie 81 

— cthvlulLne biomide 111 42B 

— othyleuD chloride. 111, 112, 428 429 441 710 
^ etliyl mtiute 682 

— elh\l phenv laoctate 07B 

— tlhyl p toluenesiilfnnate, 680 

— ith\l tnihloroaPetate 136 

— pthsl \aIprBtf> 674 

— fluorophenetolL, 131 

— p fluoropliLDol, 130 

— formaldehyde 142 642 

— fumnryl rhlniulc, 242 

— furoic acid. 477 

— Klutanc aiih>dridB 593 
irUrol dmiitate, 078 
himimplhtir anhydiide 566 

— tnt-hrpUl alcohcl^ 622 
hixnrhlnroptliane 110 441 
hrxuli\drn-a erjuumranone 476 

— 2 htxini II acid 471 
iirt hcx}l alcohole 022 
hcxvlr aniniiiB Mid 405 

U mnphthaliB anlndiide 566 
h>ilnocarpiD acid estei^ 477 478 

— liydropiii r\amde 006 

— Py hvdrupipennic and 470 
, — ^ 7 -h'\driM 0 ibinic ecirl 470 

— hvdrox\lBininc 646 

— h>iliuxylBniinp li\diiielilnndr 157 

— liy Jrox\tiimEllitio uiiIimIiuIp 507 

— iodine trichloride 115 

— isuam>I acetate 674 

— i90‘iTn\l benxoatt 874 

— iFoannl chloridi B1 95 

— i8nbut\l bromide 81 

— isobutil bub rate 678 
_ — mobutyl ihlnride 81 98 

— — isobutyl cliloTOCirbonete 138 

— - iBobuhlcne dibrnmiile 113 

— isiibutvl hnlidp 04 

— Isnlauronnlip nrid, 470 
A' leopeiitcnip HPid 469 

— iiinprop\l acetate 878 
isopropyl alcohol 620 

— isorrop>l bromide 81 

— ibopropxi ohlonde 81 89 01 

— laopropyl ather 685 

— isoprop>l ethylene, 461 

— p-isoprrpvltolucne 691 

— — Kptene 479 

— laotonw, 404 

— maleic anhvdnili* 472 676 

— — malonvl chlorides 288 

menthol 025 

— mcaitvlKlyoxBJ, 494 
meeitvl oxide, 480 

— fmethoxymethyOphlororyclohexane, 148 

— methyl acetate, 878 
mtthyl alcohol 618 
methyl amvlaoetate 676 

— nieth^lbenevl obloride 126 

— methyl bromide 81 

— , — Y-mi^ylbutyrnlaotone, 496 
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Bom^^nuUou with mvlhyl diloride, 8, 11, 

— , mfthyl chloroawbQiiAte, 186, 680 

— , — nMOhylehloroforni. 115 
— , — g^m^^lcmnimm 466 

— , ^ mathylayolDbuUiiv. 501 
— ) — IJ^methylqydcihexaiiol. 685 

— N*iiietliyl<8,5-iUehlarooxiiidale, 101 

— maOhs^rthyleiirbinol, 688 

* mOtbylditflhylehloroineUiuw, 107 

iii«thyleB« chlonde, 10, 106, 100, 488 441 

— , ^ methyletitiyl-n-propylegrbinol, 622 
— , — tnetbsdsibyl uoprmwleBrbinol, 022 
— , — methyl fonnais, 077 
— , — methyl 8-fiiroate, 470 
— , ~ 8-]iiethyl-8'haienoio eeid, 471 
— , — methyl 8-methyN8-furoate, 476 
methylphtlmlic anhydride, 556 
— , — naphthmlaoedtearboxvlio anhydrido 559 
— , * ^hthalM anhydride, 562 
naphthaloyl ehloride, 841 
— , ~ naphthoie acetio anhvdnde 073 
— i ^ naphthou bmuoie anhydride 073 

^ 9-1-naphthoyl beniovi chlnndi* 440 452 
neopentyl ohlondp, 81 
— . — nickel earbonyl, 560, 716 

^ nttrobeniene. 640, 656 
— , — mtrobensyl chlfiridn. 156, 160 
— , nitrocMi pemndp, 687 

— p ~ o-nitnophenyl acetate, 676 

— (p-nitrophenynethvl chlunUc 161 
— , — (e-nitrophenyupropyl chlondi 161 

— nitrophtnelip anhydride, 550 
— , — nitroaobensene, 158 

~ nilitnyl ehlonde, 158 
— p — ootadeeyl brcmide, 81, 02 
— , — ootylphaiol, 608 
^1 — olefinie acide. 471 

— dele acid, 460, 472, 474, 475 

^ deyl acetate, 478 

— deyl aloohol, 620 
— , — otmvl chlonde, 884 

- , — ‘ paraffin hydrocaibona, 500 
--‘p — parafimiialdcfivde, 641 

— peraformaldehydc and li>flii«**n chlorule 
044 



pentaohloroethane, 116, 441 
perahliiroetb>lene, 441 
phenyl acetatep 676 
pheoylacrvlic acid, 478 
8-pheny1>a,/0-benxoiMthiirn|p, 506 
Y-phenylbutyrdaeptoDP, 405 
pbanylohloroanthrane, 188 
a'Phmylemnaroic and, 400 
phenyl cyanate, 506 
phniv]-a,i8-dibroinnpropion) I rhim ide, 
a-pbenylethyl alcohol, 684 
^-phenyleth^ alediol, 080 
pheoylethylcarbinol, 024 
pfaettylbydroaylemnic, 047 060 
phenyllaoerotcnio add, 470 
phei^methyloarbiDol. 084 
phenytmethylohloroareine. 171 
phcnyloBphthalie anhydndr, 500 
phen^pamconie and, 405 
phmylphthBlide, 490 
bheaylprepyl alcobolp 684 
(•y. phenyl -rt-propyl)tDctbyldil oroeraine, 


pbenylpyridnphthalidp, 467 
nhei^aiieoimo anhydride, 501 
rphenyl-l-p-iclylfaidoiie. 480 
phenyl tnchloraeMtate, 127 
phoMene. 8. M 
phcephorin triobloride, 168 
phthaJM anhydride, 8, SlOff 
phthalidei, 466 

pbihaloyl ehlondeei 8, 240, 489, 451 
polybronumhendi, 064 
pdy-4n4*biitvlbea9nM«, 661 
pdyoydohpsylhinienei, 609 

srawnff’*' 

pfopyl aeetnta, M 


443 


Benaene, leaeUen with propyl aloohd, 610 
^ propyl bromida, n 
— , — n-pxopyl biilyrtta, 676 

— propyl ehlonde, 61 

- . — propylene, 460 

^ propylene ohloridi^ 118 

propylene oxide, 609 

— , n-propyl eiilOte, 088 

— pyridme-a-oarboacylyl ohlcjiidc, 387 
— . — pvridmedicarboxylyl chioridee, 387 
— , — pyromelliiio enhydride, 568 

- ~ pyrotartane anl^dride, 561 
— , — qumolmic anhydiridr 560 
— , ~ adbaeio anbvd^e, 564 

aelenium tetrachloride, 167 

— , — etUbene, 460 

— , — Htilbane dihromide, 137, 420 
— , — euccuue anhydride, 588 

- — wiccinvl ehlonde, 880 

- , — O'^ulfobenBovl rhloiide, 440, 452 
— , — aulfobenaoio anhydride, 565 

— . — eulfophthalic anh} dnde, 558 

— etyrene, 430 

- — aivrene dibromida, 127 
~ , — BUlfur, 8, 105, 065 
. — Bulfur elilondn, 163, 104 104 431 442 
, — Buifur dioxide, 6, 264, 500 

— tcrpenio aleohd, 026 
> , — teirabrofnoereade 004 

~ , — eym-tetrabromoethanB, 118 428 441 716 
>- , — tetiabroniDphthalic anjiydiidt MH 

- , — tetrarhloroethylenr, 122 

— , — tetnchlornphthalio anhyrlnili M7 

— tetraeydohexylbenxene, 092 
, ^ tetraethyl orth Dedicate, 681 

, — tetraiodophthaliG anhydndn 54H 
, — eym-iptrapbenylethane, 4R6 
, — thionaphthmediBaiboxylR luihytlmli 572 

— thiophoaRsne. 165 
, — tiglie acid, 460 

- ^ tolane, 486 

, tolane dibromide, 127, 426 

— fn-tdualrlehvde, 546 
- p-tolylpbthalide, 400 

— tribeneyl borate, 681 

, — tnbromo-p-creed, 664 
- , — tribromoethylene, 121 
, -- tnbroniophend, 180, 604 
- , — tnbromopropane, 116 

— inbromormorcmol, 605 
— , — tnWyi phoephatv, 682 
— , — tnehloToaoetio aoid, 137 
— , — tnchloroaeetonitrde, 505 

— , — tnohloroaeetvl chloride, 484 443 

- , — triehloroethane, 441 

— , — triohloramethylaulfonyl chlondo I5» 

— tnchluromethyl sulfur chloride, 165 
— , • tnchlorophenol, 694 

- , — tnchlnruphthalie anhydride, 540 
— , — tnohloropropaaa, 110 

— , — (l,j[r,^-tncnlorotrivinvlan«ne, 172 
— Irteyoloha^lbeniene, 608 
-- tnethylearbiod, 682 
— , — triethyl phoephate, 682 
— , — tniodopbthalln niihydririp, 547 


— tihuonMttyioBe, 64i 

— tripheoyletbane, 438 , 

— (tnphenvlmethyl) sulfur rlil end n, 166 

— undaeenoiD acia eeten, 477 

— undeeyteu acid, 471 

, — undeeyienie aeid, ethyl ester of, 47n 
, ^ vinyl bromide, 120, 4U 
, — vinyl ehlonde, 120, 178 

alwninuin ohlorido, oon<liiptiirdv 

if 81 

golvoot for aluminum 

— iduminum ehlorhle, 25, 28 . 

fieenea»»-p-pli«iiol, oempUn with Jumimim 

ihloride, 6 
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on 


HqnMncdlamwium ehlorido. reaction with nro- 
mEiie hydrodu^bone and helerocyolio ooiu- 
poimdf, 156 

])«miene homolaii, n>tuitione with urtinnir Imlnli-H, 

, roartion with sulfur nlilfirnlr, 165 
jlpnM>nfN«iillinic acid, coraplrx with aluiinniiiii 
chloride, 88 

- , rompound with nlummuni hydriixido, 38 

preparatiMi of, 8, 864, 50V 
Bonseneeuifonyl chloride, complex with aliimi- 
num ohloiide, 64, 305, 267 
preparation of, 808 

— , reaction with aromatie hydrocarbonti, 265 
— , -- ehlorobeiiscne, 865 

p-inlyl methyl ether, 851 
Bcnuneeuironyl fluoride, reaction with hpnzfnr. 
268 

Benihydrol. reaction with bensene, 024 
phenol, 630 

Bentidme, preparation of, 150 

- , reaction with phthalin anhydride, 587 
Brazil, fonnation of, 285 , 504, 037 

, pol^'menzation of, 813 
reertion with aluminum rhloridp, 050, 654 
• — dimethylanilinr 633 

Bpiizilic acid, prepamtion of. 493 
— , rraetion with oluniinuni rhlnride, rina Hri«iir[> 
Df, OM 

Hmzimido-eompoundii (mv Benzovlnniinu-rum- 
pounde) 

nL'iirrMizalceiofluomiecRrboxvlic arirls, prrnniiilion 
of, 481 

nrazoaniketoflunrenea, prepnratinn of, 42Q 
Benzoaxanthrannl, prrpHration nf, 421, 422 
2,3-1^zo-l-aza-9>oxo-fluoreiie, preparation of. 

llriioMophenonp, complex of aluminiinri hrnniidi 
associated moleoulen of, 15 
BeiUn^nx1hiophanthrmn]uinone«, pi (•pnrntion 

Brazocoumerandinne, preparation of, 340, 450 
4,5-BenroruniBmniiniK3), preparation of. 701 
YneMo-Braaodianthrone, reaction with aluminum 
chloride, 655 

5 .6 - Qcn*o-l , 8 - dihs'dro-S -benionaph th enon p, 
preparation of, 402 

Rimrofluorenoneonrboxylic acid, preparafion of, 

560 

Beiizohydrol, benzoyl derivativea of, preparation 
of, 185 

Brazohydroiythianaphtbene, preparation nf, 435 

Ihmrohydrylaoetones, preparation of. 140 4K5 
“"5r’'®‘*"y*^y^*^biphenone, preparation of. 485, 
486 

BeMohydrylKlutarie anhydrid p, reartinn with 
Hliiminiim chloride,' 568 

^-^wniohydrylglutarjd ehloride, ring rlosure of, 

a‘Deiuohydryllapi(linp, preparation of, 163. 484 
Uraanhydrylmethyl ityiyl Jcetonca, rcaclinn with 
hrazene, 485 

®“^5**^2l^drylplnac6lDnie, preparation of, 140, 

4B3| 4b0 

^■reaction with ehlorobciunie, 140 

■?Jiy*^^Quhialdine, prepamtion of, 162, 

imiMntion ol, «, HI. 1.M, 03, .W«. 

008, 510 

reaction with chloral, 147 
“ . — onlorobenianM, 084 

pP ^toluene, 681 

^oie anhydride, reaetion with nnthTaccnc, 287 
- benaene, 678 
- ' W8 

< » ■‘•"l 

^’-o^uduiaiM-i, pnpamtioD of. 401 


— 7— ««iManono-i, prepamiioc 
Bm^ina, prepamtion of, 488-4 
ra»o-o-fceUih(Bptanie4liyl«e, prepamtion of. 407 
"Pn*onitrile, preparation of, 14Q, 150. 504 . 646 

wHh ooityl chloride and orylation 

- bttiMod chloride, 881 


Brazonitrile, reaction with phoepborua trichlo- 
nile, 168 

Hiiecmvl chluriilc, 380 
, snlvunt for alununum clilnriilp, 25 
lh>i\zophrannc, mniplpx willi Hluiiiinuin ohloridp, 
30. 50, 205, 206 

, ^•ffe^t on eniirJuotivity of BoliitioiiK of alumi- 
iiuin chlorirlp, 35 

. pfcparatiun of, 8, V, 117, 118, 213, 38aff., 673 
, icuctiun aith benzoyl chloride, 361 
— , - rluijpthylanilinp, 632, 688 
- lihoapborua trichloride, 168 
— , NuU ent for aluminum chlonde, 25, 80 
BrazLiphenone-p-amenioua oxide, preparation of, 
269 

Bpiizophenono dichloride (bpp dirblorodipheuyl- 
m ethane) 

Benzophraone oxime, reaction with brazene, 647 
BenzopheDOnee, alkyl, preparation of, 224 
Benzopyrene, reaction with Boctvl rhlurnlp, 292 
Henzoquinone, reaction with anisnle, 661 
, — aromatic oompounda, 660 

— benzene, 661 

- , — o-presol, 662 

, - o-cre8\l methyl ether, 662 
, - hvrlrouumone, 662 
— , - - meHitylrap, 662 
. - phenol, 661 
■ . — P3 rogallol, 662 

- , - reHornnol, 662 

- , — tnlucne. 061 

Aciatiule, 662 
tn-xvlcne, 061 

Benznselpnazdlea, alkylation of, 197 

1- Benzoselcnazyl l-benznthiazyl aulfiilc, prepara- 
tion nf, 1B7 

Ben/nthiocliromnnnne, preparation nf, 435, 444 
Bi*n/n1hinphnnthrcnequiiiunce, preparation nf, 

424 426, 427, 572 

Bi'nznthinphanthrnne, preparation of, 650 
Benziitrirhlnride, renrtion with aromatic rlicnr- 
liiixvlir anlivririrleB, 014 

- , — benzene, 127 

— , — phthniic aciil, 615 

— thiophene, 199 

— , aolvent for aluminum chloride, 25 
Benzotriehlnnde and phenol, reeina from 810 
Benzotnflunnde, reaction with acetyl chloride, 

227 

Benzoylarenaphthenes, complex with aluminum 
chloride, 50 
, prepamlion of, 297 

- , reaction with benzoyl chloride, 361 
Benzovl aretip acid, formation of, 509 
Benrovlnretone, preparation of, 265 , 481 
^-Ben/n\lncry’lir acid, preparation of, 472, 676 

~, rrertinn with benzene, 472 
. — toluene. 472 _ 

Benrovlaminobeiizoip acids, preparation of. 5.51 
4 Benrovlaninolo, clenvaRP nf, 725 

prepnration of, 304 . — 

Benzovlantliracene, preparation of, 68, 287 
Benznvlunlhraqumoncfl, preparation ^ of , 214 
Benzovlanthrone, reaction with aluminum chlo- 
ride, 654 . j, «,« 

Beiirovlbenzanthrone. preparation of, 362 

lenctinn with aluminum chlnrirle and oluorinp, 
612 

Brazovlbcnzcnesulfonio acid, prepamtion of, 565 

2- Bpnzovlbcnzoin acid, Dotnplex with aluminum 

rliloriile, 51 ^ 

— , preparation of, 496, SlSff., 522 
S-BenznvlbPiizoic acid, preparation of, 240, 253, 

3®* r ...A 

Benzoylbenzophenone, preparation nf, MB 
Henzovlbenzns'l chloride, reaction with methyl - 
naphtlinlenpa, 279 , 

2-Brazovlbpnzovl chloride, reaction with benzene, 
255, 440, 451 

— , — nielhrlnuphthalpnee, 451 * non 

7-Bpn*?ivI-2-bpn7j’lflunrpne, preparation Of, m 
BmaoylbenAvlnaphthalenoB, preparation of, 198, 
280 

, reaction with aluminum chloride, 651, 854 



m 


ANHYDROUS AWMINVM CHLORIDE 


Bentoylbiphenyl, oamplez with aluminiuu ehlo- 
nd«, 01 

propuwtiQii of, ass 

BflnuKiylbiphMiylou’boKylie and, preparation of, 
568 

Benipylbutyric acid, preparation of 563 
BanioylearbacDlc, preparation of, 801 
— 'p reaction with boniovi chloride, 391 
learranaement of, 861 

Baiuaj^Qarbosybenioyl)bpnBoia acid preparation 

4*Bentoylqateohol, preparation of 709 
Beoiwl chloride, aluminum chlonde eutectim 
80, 84, 50. 305. 884, 377 
piuB benaene, oomplei with aluminum rhlo- 
nde 50 

— , pliu biphenyl, complex with aluminum chin 
nde, 91 

— . plus retene complei witli aluminum ohlnnde 
51 

preparatian of, 8, 388. 239 
— , reaction with acenaphthene, 267 
— , ^ aceCylearbasole 861 
— , — acetylene homoloRn, 700 
alkyl benimea. 32i 
— , — alkyl Uuophenes 874 
— , — ammobanaoic acid eatera, 308 382 
— — anisole, 81 804 

— anthracene 287 
— , — bensanthrone, 802 

-- beuanthronequmoluie 802 860 
— , — benaene, 218 
— , — bensomtrile 881 
— , — benzophenoDP 801 

— benzoylacenapfathene 301 
— , — benaojleaiba^ole^Ml 

— , — benBo>1fliiQr0ne, 260, 861 
bcnK» Inaphihalene, 861 
— , — beniylfluorene, 206 
— , — benaylnaphthalene 280 
^ binaphthvi 242, 284 

— ^ biphenyl, 288 

— , — hiwobeuzene, 217 

— ohloroaniaolea 314, 712 
•— — chlorobeniene, 216 

— , — (obl(irobenzYl)nBphthnlr*np 280 
— , ^ ehlOTophenole, 558 
-, — chlorothiophenes, 378 
— , — ehroman, 877 
— , — chrysene, 304 

— — coumaran, 877 

— , — o^ereeol meth)l ether 111 


— , — cyclohexane, 746 711 
—, — ' eyclohexene, 7W 750 
, — evdopentene 798 
dibenaofuran, 378 
— , — dibenaop^ran 876 

— dJbensoyfperjlene, 868 
— , — dibromobenaime 337 

« dibromoperylene 206 
— , * diohlordbenrene, 227 
— , — diehloronaphllialenee, 280 
— , ^ diehlofopemene, 288 
— , — dlatbyl athcr 788 
^ rilhyaroanihrarene, 287 
_ diuethoxynaplithalanea, 841 
^ rlunethylanilme, 181 

- — dunpthvlfuran, 876 

- dunethvlnaphtbalanea, 276 
, — dmaphthoparylene, 264 

- , dinaphthyl carbonate, 866 

— diphenyl cther» 848 
— * — durana. 6 

— ethyl benaoatc, 164 
— , — ethyJohrvaeoe, 264 

— athylcne. 755 

— , ^ ethyl calieylate, ethyl ether of 867 


— ethyl thiophene, 874 

— fluorene, 386 


— haloffiraated toluene, 325 
^ hydruidene. 368 

*— p hydftxitthicnke. dimethyl ether of, 826 

— • — hydroqulnooiyi dlbenaoate, 265 

^ hydroxyhydroqumone, trim ethyl etlier of 


Benaoyl chloride, reaction with S-hydroxyouino 
line, 886 

-- lodobenaeiie. 317 
— , ^ methoxybipnenyl, 844 
- , ^ 2-methylnaphthalene. 278 
, ~ methylthiophene, 874 

— naphtholcDB. 270-7, 861 

— ^ naphthylamino, 888 

— a-naphthvl m^vl ether 341 

— — perinaphthane, 286 
“ — perylane, 268 

— phenanthrene 288 
-, — phcnetole, 807 

— — phenyl propyl ether, 807 
- , — plilorogluomol, 853, 850 

— - pyrBxole^802 

— — pyrene, 201, 203 

— pyroffallol dimethyl ether 331 

— rceoroinol dlmeiliyl rther 123 
retene 260 

, — salicylic acid, esters of 306 

— — tctralin 278 

— - titramethnxvbenreneB 838 

— - tliiophene 371 

— , - thiophenni ethers of 390 

— th\mol 818 

— toluene 223 

— — trihalnftnnnted bonrenes 228 

triphenylmethanp 285 

— verntrnlp 810 

— vinjl chloride. 761 

— — xvlrnnl meth>i ether, 811 

— — m xvlophenone, 861 

solution of aluroinuni chloride, cundiirtiMt\ 
nf 14 31 

soKent for alummiim rhinnde 29, 30 
specific candurti\ity of 34 
^-Bpnzov1-blB(p-ch1orophen^ l)etli^leno, rrsction 
ailh bensens 485 

Ih nr o\loh roman, pnparatinn of, 877 
2 Binro> lehr) sene, pieparation of 204 
BenzovlcDumaran preparation of 877 
4 Bf Dro 3 l-o>Brpsnl preparatiQn of 708 
/9-Bcnrn%lcrotonir acid preparation of 1H1 
Bonrovl c>anide, preparation of, 504 

— reaction with anuiolc, 088 

— — benzene, 637 

— ethyl h^iene 638 
phenetole 638 

— - toluene 638 

Benroylcyolohexane, prepurolion of 718 760 
Bon/oylcvrlrpentene, preparation of 758 
Benzoyldibiuirofuran, preparation of 378 
BenzDyldibenrnpx ran, preparation of 370 
nr^-Benro\ldibrom[»cryiic acid, preparatim rr 

Benroyldibrnmoacrylvl chloridoa, reaction with 
bensene, 244 
-, — meeitvlene, 245 

Benzoyldichloronaphthalenee preparation nf ZKIi 
B enrnyldihydroanthracene, preparation of ^ 
BimrovHlmstfaylbatvnc acid, preparation of 
Benzoyldiphenylethylene, reaction with benzm 

Brasoyldurene (see phenyl tetramethylbmro- 
plienone) 

BASoylethvlehnreene, preparation of, 294 
Benroylfluoreoe, complex with aluminum ilil 
ride, 51 

— preparation of. 260 

— reaction with benzoyl chloride, 200 361 
Beneoylfluorcnone, preparation of, 214, 502 
Beosoylfonmc acid, reaction with benzene 403 
— , — toluene, 408 

BmroylbydroquiiHme (see Dihydraxybenzo- 
phennne) 

Bniraylbydroxybensenedicarboxyllc acid prepn 
ration of, 607 , 

l-Benioyl-4*hydroxybiphcDy1, preparation n 

BmsnvltBodttrene (aee Tetramethylbensophen 
BfmBoylisophthalie amd, preparation of, 807 
Benfoylleuoyl rhloiide, reaction with benrenr 

— toluene, 257 
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B«a««ylmMityl«nB, oomples with aluminum eUo- 
rtdft, 00 

lUniBoylsiiethylByeliipeDtane, prapuration of. 74B 
BeDBoylmBthyliuphtholcne, preparation of. S78 
roMtion with aluminum ohloride, 003, 089 
Booaoylmethylpiopiimio aoid, pnipaTOtion of, m 
BenjK)>lnaphtba|nieB, ojrliMtion of, 040 
— , preparation of. 214 241, 270-7 
— reaction with benznvl ohloride, 301 
benayl ehloridp. 108 

ohlarobenacvl ohlonde, 278, 801 

— , ^ dimethylanQjne, 088 

Beneoylnaphthaleneoarbozylyl ohlonde, prepara- 
tion of, 241 

Bmaoylnaphthalie anhydnde, reaction witli alu 
minum chloride, 050, 054 
Beneoylnaphthoio aoid, preparation of. 659 
Benaoylnaphthole, oomplex witli aluminum rliln 
ride, 01, 004 

— , preparation of, 851, 300 
— , reaction with aluminum chloride, 054 
Beiuovlnaphtbyl alkyl ethere, preparation of 
338 841 

Beneoylnieotmlc aoide, preparation of 570 
BeiiBoylnitrobenioio acida, preparation of, 550 
Binzo\lDonBnoia aeid preparation of, 504 
7-BenBoyloxy-8 acetyl -2-methylchromone, re- 
arranaement of, 707 

BenBoylozjbonioiQ acid, ethyl eater, preparation 
nf, 808 

4 Rmroylozybiphenyl, rearrangement of 098, 701 
7 Benzovlnxv-2,a-dimethylchromone, rearrange- 
ment of, 707 

\-Benrovlpenmidone, reaction with aluminum 
chloride, 058 

Bcnsovlpermaphthane, preparation of 290 
Bonzoyl Tieroxide, reaction with chloroform, 510 
nLiiioylphenanthTenee preparation nf, 289 
Hnl7u^lphenetole preparation of, 307 
Henrovl-e(phenvlam\Oamine, preparaiion of 140 
lBeri7o>lphenvl)diphen\lmethBne, preparation of 
235 

hiK(Benro^lphcnv1)ether, preparation of 348 
BenzovI jfCphenylhexyDamme, preparation of, 140 
Benroi Iphenyl phenyl ether, preparation of 343 
708 

Donioylphenylpropidnio acid, preparation nf 472 
50] 

Henxn>lphlorofluomol, preparation of, 353 350 
HunBoylphlhalto acid, preparation of 500 
Benzoylpioolmio aoid, preparation of, 570 

g Beiieoylpropionio acid, preparation of, 588 
Dosoylprapioiiyl ohlonde, preparation uf, 230 
Bensfiylpvrene, preparation of, 201, 292 
reaetion with acyl halidee, 802 
— cmnaDio>l chloride, 052 058 
Bi neoylpyrene, reaction with toluo}! chloride 
303 , 052. 058 

* phathalio anh>- 

f-Benso}lreeoroinol (eee Dihvdroxybcnsophe- 
none) 

mnzoylretene, preparation of, 200 

a^, eetfTi of, preparation of, 
308 

BenBoyliiiilfobensoie acid, preparation of, 558 
Benzoy^ianaphtheneoartK^lic acid, preparation 
of, 672 

Benznvltoluvlipvrenc, reaction with aluminum 
eUlonde. OU 

^ ^^®*®yf"®-tolylpropionio acid, fonnation of, 

BeoBoyl trlflhloride, as a chlorinating agent, 000 
"onzoylvaleric aeid, preparation of, 894 
p'Beneylulipyl chloride, ring clofiure of 409 
®*wyl alcohol, reaction with aiii^de, 020 
“■ bcMcnc, 084 
— ohioral, 147 

"" 2 O-dichloroplipnol, 080 
~ Phonetde. 029 
phenol, fig 


Benaylation of phenole, 185 
Bentyl bcnioat^ reaction with bensene, 074 
m-Bcniylbenioio acid, preparation of, 185, 180 
4-B«uyl biphenyl, from biphenyl and beniyl 
chloride 125 

Bencyl ohlonde, aulorondenaatioA of, 10 
complex aith alummum chloride, 40, 101 
— , mflucnce of helom aubitltuenta, 184 
, polymeriration of, 128, 842, 815, 810 
preparation of 141, 142, 148 044 

— reaction with aluminum ohlonde, 128 480, 442, 
048 

— aniaole, 125, 180 

— Bicenaiic oompounds, 08 

_ arooiatic hydrocarboiui, temparature effeci 
124 

— boneene, 0, 122, 428. 441, 877 
bnnzovliiBphtlialenc, 102 

— biphenyl, 125 
rlilorophaiola, 184 

— ethers. 125 

— — mceitylene, 125 

— naphthalene, 125, 720 

—I *— pnlynuelear aromatic oompounds, 125 
— , — renorLinol 183 
— , — thiophene, 198 
, - toluene, 10 101 122. 124 , 441, 710 
Binryl chloride, chlorinate, reactions with 
chiorobenzuie, 120 

Bra/yl chloride homologe, preparation of, 148 
Henzjl chloride polymers, 122 
Benzvl chlorides substituted, hydrolrau of, 101 
IlonzylohrysofluorenB, preparation of 064 
Binzvl cinch onyl chloride, ring oIobutb of, 422 
2 Benzyl -p-cresol, preparation of, 020 
Benr}! rvanidc, reaction with undeomyl acetate 
478 

— — undecvlenic acid, 471 

1 Dfnr\l-Zl uclulicxone, reaotion with alummum 
rill unde nog clnsure of, 489 

Ben7\ldiphBn\lBarbmol, reaction with beniene 
031 

N N-Bfmzvleth^lamline, reaction with benzandi- 
tiiiiiido chloride 154, 195 
phthalio snliydnrle, 530 
Benzyl ethyl ethtr preparation of, 143 
icaction with benrene, 085 
Benzyl rthylphenvl ketone, preparation of 245 
Bcuzylfluoiene, reaction with acetyl chloride, 293 

— - benzoyl chloride, 299 

a Rinzylglutaryl chloride, nog cloeure of 407 
Benzyl halides reaction with phenols, 178 
\ <Dinzy]i[l4niRmuiD)pBeudoiSBtm, preparation 
of. 410 451 

B«n/yli(lenpphpnylhvdraEine, reaotion aith iixahl 
chloride 451 

Btnzyl mnrcnptan, reaction with alummum chlo- 
ride 667 

N N-Bpiuvlmetliylanilme, reaotion with benz- 
iniliilimirlo chlonde, 154, 105 
Benzyl mtthyl ether, preparation of, 142-8 
N-Benzyl-N-methylglyovl chloride, reaction 
aith oluniiniim ohlonde, 418 

2 Benryl-S-methylhvdrmdone, preparation of, 

400 

Bcnzylnaphthalene, formation of, 126, 720 
, fraction with acetvl chlonde, 270 

— — benzoyl ohlonde, 280 

Benzyl naphthyl ether, reaction with oxalyl 
chlonde. 840 

Benzyl naphthyl ketones, preparation of, S7B 
Ben/yloxanilvl liiloride, preparatnm of, 418 
p Benzylphenol, preparation of, 020 
Benzyl (if -phenylBthyl)acetyl ohlonde, rmg clo- 
sure of, 401 

Binzyl-Cphenylpropyl) acetyl ohlorldOi nns olo- 
SU 1 p of 400 

Brn/yl propyl ether, preparation of, 148 
Beury Ip^ounoisatm, preparation of. 418 
Bensilqumaldinyl ehlonde, ring closure of 421 
Henzyl/iuroiniD anhydride, preparation of, 680 
N-Benr>lsiircmimide, pieparntion of, 18S 
Benzy Isueoinyl ehlorldei ring doeura of, 400 
Bsnryl sulhde, reaction wiu aluminum ohlonde, 
007 
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f -B«nsyl-a-totraloiie. fvrepmtioD of» 401 
-B«icyliluofllyflolio ■oid, nni olomirfe of. 433 
BwmylthiDglyiiol>l ehlnnrlp riii£ cloiure of, 433 
Jknoyltolucne, praporoticm of, 134, 113 
Bmiyl p-Urivl prppHrslifin of. 243 

a-Bcfusdo^-fiii^tolyOpiopionvl chlorKlp, hiik 
otomuro of, 400 

Bomyl zeajfl kotoiiey prepumtKMi of, 38S 
BoDidd vsrty) ketonr, prapoimtion of, 343 
Bfvyfliun ohkmdB, oaUl^, 400, B7S, 877 
MuliOi roMtiQB with aluminuiD chloride, deoom- 
iMidtiofi of. 783 

fiunliifyl. rceeticm with onlyl chloride, 380 
o-Bib«Moyl, nCMtum with dimstliylmiuliiie, 632 
Bibepqrl, prnerBUon of, 113, 133, 137, 100, 430. 

430, 480, 407| 303, 030, 080 
— , reertioo with oiolyl oblonde, 383 
— , — phosphariti tnchloride, 108 
BHMBivleailxHiylio ecido. praperotton of. 383 
Bibeoiyi elUoridM, preperetiaD of, 170 
Biohmenyl, prepeimticm of. M8. 711 
Biwduheiyl, naotioa with eluminua chloride, 

B^^doOcteiie, reoctum with altiminiim chloride, 

BM^obetUMi, motion with aluminum chloride. 
uomeruatiUD of, TOO 

Btgjdopentyl, reaetion with cluminum chloride 

Buiaphthol, mction with aliimmuin rlilonde, 038 

039 

Buwphthyl, fotmation of, 720 
— , preparataon of, 103. 110, 118, 113, 713, 730, 72! 

reectioa with alununum chloridp, 048, 731 
— , — bensoyl chloride. 242. 284 
Bmaphthyldioarhoxylyl ohlondM, rraction with 
beniene, 142 

Buiephthyltetraquinone. recctinn with ■lumimmi 
ehJonde, 006 

Biphnyl, alk 3 lation of, 107 
Biphenyl and hecuoyl chlc»rido, romplei with 
Miannnim chloride. 31 

Biphenyl, preparation of 153 310, 718, 710 823 
reason with aoetic acid, 084 
acetic anhydride 871 
— , acetyl ehlonde, 280 

— , aluminum chloride, 721 

— nsobeneena, ISO 
— benmldehyde, 040 
^ benvenediaioniiim rhloride, 133 
— benioyl ehlonde, 388 
— beniyf ehlonde, 133 
— , - bromobciiBoyl ehloridee, 882 
— carbninyl ehlonde, 800 
— aaibaB monoKide, 509 
— , ehlorfainted wnz, 880 

^ehlomoetyl ehlorKle, 381 
— , — ehloroinetliyl formaimdinf, 007 
— . ~ einnamoyl ehlonde, 381 

^ djohlorometluuie, 110, 411, 441 
dipropylmalonyl ehlonde, 447 
— finnaryl cUonde, 388 


** laurayf ehlonde. 383 

— I-metbyl-l^niiiAthovl ehlonde, 284 

mynetoyl 388 

— naphtb^ ehlonde. 284 
* oly O n iffi 468 

— onlyl ehlerldn, 282, 417, 430 

— palwioyl ehlmide, 181 

— phenylMotyl ahlonde, 280 
phoaim, 00 

— pheephomi trichlorule. 10 

— phthaSc anltfdndc, 30, 384, 50 
phthafoyl ehlonde, 384 

mifur, #49, 990 


Biphenyl-4-aldihydo, preparation of, BOO 
BipUonvlearboaylie am, preparation of, 282 tn 
Btjjhnnj l-e.o'-diaeetyi ehlonde, roig nlipMuit nf 

4 4'>fiiphcn\ldioarboxylaniide, preparation of aofl 
Hiphmyloarboivlvl ehlonde, reaetion with nnpJi. 
thaleuc, 278 

Hipbpnvlnipropylindandiime, preparation of, 447 
Bi^eoyltetrol, reaction with phthalio anludmii 

Bi^mMghthepylq uinoaee, preparation of 472 

Bitolvi preparation of. 718 
, reaction with ozalyl ehloride, 382 
— . — phthalie anhydnde, 324 
BixaIvI, reaction with osalyl ehlonde. 382 
Blentluig Bienti for lubncanta. 111 
buratee, reaction with aromatic compounds 63 1 
Bomeol, motion with beniune and toluenr* ti'i 
nofii> I beniene, prepamUon of, 120, 023 
Horns 1 cfalondi, reaction with benrpne, 120 
^ toluane, 10 

B^sltoluenea, preparation of, 10, 023 
Boron trichlorida, reaction with alumina 000 
Boron tnfluonde, DatBl 3 rei 438 400 , 7B7, 87fi 677 
Braidinie acid, preparation of 333 
Bromal, reaolion with aromaiio hydrociibuiiN 
041 

- . naphthalene, etc , 140 
-, — phenol cthera, 147 041 

— , — pol^cyelic bydrocarhonii 140 
Hromination, eece of, in rina cunippund^ IDO 
Bromine, reecUon with arctopliimano, 013 

- , aluniinum, 844 

bename, athylbenaene, naphtlialenc mi I 
zvlpnn, Oil 

- , -- du^loro-p-CTMol. 013 

— phenanthrene, U 
Ryfri-tetrcehloroethanp, 778 

S-Bromoaocnaphthane, mction with pminlim 

444 

3>Brumo>7-aoenaphthencine preparation of SOM 
Bromoacptnl, reaetion with anteole and phenpt Ir 
147 

P'Bromoacetophenonr, preparatinn of 215 071 
iii-Bromoaoetophenone, preparation of, 018 
Brcrnioacetyl bremide. pre^ration of 303 
reaction with aGetylmethyltetrahydroquino 
line, 8W 
~ aniaole, 808 

— , ^ hydroqiunone dimethyl ether 837 

- -- pnloroglueinoi trunethyl ether, 834 

- ~ reeorambi dimethyl ether, 727 
Bromoaoet)! chloride, reaction with acenapUthf nc 

2M 

- — haloBWiated bwuenea, 230 

- , pbenetole, 807 

— , — nwordnol dimethyl rther, 822 
— , - toluene and p-zylene, 02 
bit(Bktimoaeetyl)phenatole, preparation of, JOT 
p-(Bromoneeibd>phenaAole, preparation of 3OT 
( BromDaaetyl)phlero^iiBittol trimethyl ether 
preparation of, 880 , ^ ... 

(BimoneeCyl^iwiardnol mono- and dimethsi 

O-gSpSSSff'iS.Sl.Whthdoyl rhi....... 

•-ftoDduitliraM, nutioa with 

m- or ^BrantobniBlqiiipilthini nwtion *«' 

vBraoiolMiiiuUidiinida nMuriil*. r»etim 

with -qmlnum rM.uh 

40 

halofenatwa of, 011 . _ _ lai 

prepamtlott of, IIB. 10, 10 f ^ -o 

idubUity of aluminiim ^chloride m. 
reaatien Fltb aeetie ^anhydride, 671 

— acetyl ehloride, 210 „ 

— alununum ehloiidei 337, 093, ow 

— benaoyl ehloride. 07 
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BromoboMM* motiiin with bromonitrameUiaae, 
1M« IM 

— . bronophthtlio uihydrid«, 644 
^ - bu^ fihlonitap. m 

narbon totraaliloride, 177 

^ — p-ehlarobmoMmilfoiiyl thloride, M7 
_ — dblortdMDioyl eUonde, 231 
— , — chloTOphtbuiB anhydride, 544 

— cnuiBno}! ohlonde, 248 

— eitroooiiyl Dhlonde, 248 
— , — o^idohavl ehloride. 128 

— , — dibromofiunary] ohlonde, 243 
— , — ethylena, 410 

' ethylene oside, 602 
— , — fumaryl ohlonde, 243 

— uoamyl chloride, 170 
— , — meeaeonyl ohlonde. 248 

naphthiuane, 111 
_ nitrobenioyl chloride, 267 
— , — oleio aoid, 476 

— phenylnmthylehloioarBinp, 171 

— phoaphonu tnchlonde, 108 
pbthalio anhydride, 627 

- , — propionsi chloride 215 

— propyl ohlonde 176 

— , — pyromellitir anhydride 669 
— , — eulfur dloiide, 2M, 600 
-I — tetrabromophtlialio anh>drjili M8 

— — thioiwl chloride, 264 

- — tniMDUtyl borate, 681 
nolvent for aliiminuni chlonde, 2^ 

p-firomubenMiieaulfonyl chlonde mriiiiUx ^iih 
aluminum chloride 64 , 266 
rraeijon with benaene, 266 
Bromobisuoie anhydnde, reaction aiili bfiinm 
678 

4>BrQOio(6t6-beneoindBnonp-l), prepaiation of 
402 

Ihomobeneophenone, preparation of, 217, 280 
hrnmotwnioylbenBOic acida, preparation of, 627. 
S43, 869 

Bromobenioyl chlorideo, reaction with anuole 
806 

— beiUMM. 280 

— • — biphenyl, 288 

— branoboDBene, 281 

— chlorobemene, 881 
diohlnrobaiaene, 227 

— 4,10-diehloropcryleae, 298 
—, — phenetole. 807 

tolumn, 218 

veraUole, 618 

buiBromobenBovlMibronioothvlene from bronm 
bwene and diDroniafuinar>l ohloiidi* 243 
8 il'OM(p-Brainabenaoyl)4,10-diohloropervlenr 
, pr^aration of, 28^ 

"^’{2roniobenioyl)cthyIeiie, preparation of 243 
°'(^i^obBnaovl)phthalio acida, preparation of. 


idromnbenaoynpyreiie, preparation of, 282 
Brranobenayl onionde, polymariBaiion of, 042 816 
- icartion with phimoK 184, IBS 
Cl nmobonMyl phenyl euer, preparation of 186 
2l^"*biphBn)de, raution with alkyl halidm, 176 
^^®"l/-I»jmobenii^)brn»oic acid, prepara- 
“on of, 644 

^■|JJ'*'^“*«»^-butylbBoaene, preparation of 176 

^ 5!2P”"f*^*butvl-2-(ehloroinBthyl)beiiaene, 
prppBrttion of, 6tt 

xvff ^*^***"' w»®tion with eym-m- 

ohioride, fcaotion with benune, 
t^uene and i^ane. 118 

preparation of, 118 

df ^'^^blordbenioylbeiie^ aoid, pieparation 
®\^«*»Moroaiithri»ee. raaetlon with benieun 
preparatnwi of, 778 

l^^omo-l,8-dUeoppopylbenaenB, preparation of, 
MrtoidMMM, pnvMtion of. 


4'- Bromo-4- (dimethylammolbeniophenone, 
mamtion of, 154, 186 
O-Bramo-SpS-dimethyl-B-hydroxythianaphthaiie, 
preparation of, 4M 

Bn^odiphenylindene carboxylic aud, preparatimi 

of, 244 

Bromodiphanylphthabdei, preparation of, 644 
Brumoethoxybenialdehyde, preparation of, 006 
Bromoethyl aryl eihen, reaction with hydrogen 
cyanide, 606 

BromoethylbenMiie, preparation of, 120-1 
(>i«(Broinoethyl)baaaene, prmaration of, 121, 120 
m-bMfBri]mDethyl)bBnienB, reaction with bwi- 
aene, 126 

p-Bramoethylbenaena, reaction with trioxy- 
methylene, 644 

N-u-Bromo^yl-N-ethylanilinB, ring oloaure of, 

DromDethylthiophenea, acylation of, 373 
Bromofonn, reaction with alummiim, 846 
6-Bromo-2-liydroxyaoetophBDone, preparation of, 
706 

Brnmohvdrozybenzaldphyde, preparation of, 005 
S-Brnmo-S-hydroxybutyrophenone, preparation 
of, 700 

5- Bromo-S-hydraxycaprophenone, preparation of, 
706 

BiomohydroxymethoxyacelophenDne, preparation 
of 822 

6- Bromo - 2- hydroxypTopiopheniine, preparation 
of, 706 

5- Bromo l-hydroxi^alBrophenone, preparation 
of 700 

Brnmoijobutyraldehyde, aldol oondenaation of, 
146 

- reaction with benaene, 145 
a-HromoiBobutyryl bromide, reaction with beii- 

reur, 483, 443 

- ~ it/m-m-xvlenol methyl ether, 818, 443 
a-Bromouobutyryl ohlonde, reaction with ben- 
zene, 228 

— , p-ehloroamaolr, 315 

4- Bromouopropvlbencene, preparation of, 175 
Brcimouopropilhydrindonea, preparation of 308 
a-Bronioi0Ovaleryl bromide, reaction with «ym- 

m-xylenol methyl ether, 448 
a-BroniDiBovaleryl ohlonde, reaction witli ben- 
arne, 228 

Bnanoketophenildihydroindene, from a-phenyl- 
a ^-dibromopropionyl ohlonde and benaane, 
260 

Bromome^itylene, reaction with fuinar>l ohlonde 
and dimethyl fumaryl chloride, 843 
— propionic Boh^dride, 671 
Brninomcvityl ethyl ketone, preparation of, 671 
o'-Bromomethoxybenaophenone, preparation of. 
805 

Brnnii>metlnl-2-bonaovlbenaDio acida, preparation 

Bromonirthylbenayl bromide, reaotiiitv with di- 
h^ogenated benaenee, 238 

6- BromD-l-mRtli>l-8>(Brr-butylbenBene, prepara- 
tion of 176 ... 

6-Bromo-4-methyl-8-hvdroxytliunaphth0ne, 

preparation of, 416, 426 , , 

5- (6-BrDmo-a-mpthylphenyl)thiDglyoolyl ohlo- 

nde, ring doxuie of 416, W 
Bromunethylthiophenee, aeylation of, 171 
a-(f pm -Bromomeths ltfaiDphfinyl)propionyl cblo- 
ruie, ring clnflure of, 426 
Brnmonaphthalene, halogen migration in, 683 

— preparation of, 132 . # 

a-Bromonaphthalone, lacmeniation of, 808 

— renetion with alummum ahloridi^ 480, 442. 688 
, — bmaene and toluene, 182, 688 

|5-Bromnnaphthnlene, preparation of, 898 
Bromonaphthalenea, reaction with acetyl ohlo- 

Bromoiiaphthoylbenaoio acid, preparation of, 544 
4•BlomnnBplltll^l acetate, reorrongenirtit or, 707 
4-Biomonaplitli\l-l-acetyI ehloiidc, ring Clomire 

f 

g(I-Bromonaphthyl-2)propionyl chloride, ring 
dnaure of, 461, ^ 
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BrmuonitrobiinienBB, oompla with »luitiii)uiii 
uhloride, 58 

— , alununum ohloride tutsotiM, 28 
BromonitrobeDioyl chloridou raaotion with bon- 
«ant or bramobtfiMAa, 286-7 
BrofoonitroiDetbanB, m a bromiiifttiiig agent, 158 
oleetromario fonne of, 158 
reaction with bRinne, halogenated benieno 
and aniMle. 158, 159» 188 
Bromo-(n-nitrophenyl)phfnylmBthane, impara- 
tuw oi; 158 

Bromophenanthrana, prepamtioii of, 15 
V^Bromophnanthrene, reaction with aluminuni 
chloride. 480, 442 
beittene, 182 

m-Bromnphenetole, reaction with hydrogen cya- 
nide, Hu 

Brnmophenol, benaylatioo of, 185 
m-Bromophenol, preparation of, 084 
reaction with nydrogen waude, 605 
p- Brnmophenol, reaction with boiiene and tolu- 
ene, 684 

— methylpbihalie anhydride, 567 
p-Broniophenolphthalem dimethyl ether, prepa- 
ration of, 452 

4-BrDmophBnyl acetate, rearrangement of, 706 
or,a-Broniophenylaoetio acul, a,a-diphenylaGetio 
acid from, lAB 

4-BromDphenyl butyrate, rearrangement of, 706 
p-Bmmophenyl oaproate, raanangmoit of, 700 
(Broaiophefiy])ohliiropho8phtne, preparation of. 
100 

p-Bromophenyloyclohexane, preparation of, 120 
p-Bromophenyl p-chlorophenyi eulfone, prepara- 
ticm of, 267 

bteCBromophenyOdichloromethane, preparation 
of, 502 

Bramophenylhydrindane, preparation of, 248, 443 
(p-firaiiiophenyl>phBnylroethylarBine, preparation 
of, 171 

p-Bromophenyl phenyl aulfone, complex aiili 
aluminum chloride, 84 
— , praparation of, 200 

4-Bromaphenyl propionate, reerrangmeint of, 706 
a-BrcHno-^-phoiylpropionyl chloride, reaction 
with hydroquinone dimethyl ether, 580 
— TeBorcbKd dimethyl ether, 824 
(Brfiniophaiyl)Bteario aoid, preparation of, 476 
bic(p-Braraopbenyi)aulfonium dichloride, reaction 
with benxene, 100 

bw(Broniophnivl)Biilfo]cidc, preparation of, 204 
4-Bramophenyl valerate, reerrangement of, 700 
Bromophenyl xenyl ketone, preparation of, 283 
Bramophthalio anhydride, reaction with benaeno, 

— bromobenaene, 544 
— , — cblorobcnMoe, 544 

— — chloronaphtbalene, 544 
— , ^ naphthalm, M4 
o -dBtroay r^iDqyl bromide, reaction with 

— , — renroinol dimethyl ether, 822 

•yei-m-xylenol methyl ether, 448 
a-Bromopropionyl ohlorida, reaction with halo' 
gaoated baienea, ^ 

— , toluene and p-xylenc, 282 

— , — veratrdle, 817 
— , — fgm^iylanol meUiyl ether, 484 
9-Bromopropionyl ehlnrida, reection with d- 
naphthyl methyl eulOde, 425, 444 
d-jtoomoiiryion]^ oliloride, reaction with phenol 

Broniopropionylniaiitylflna, preparation of, 071 
p^Bfomoproplophenoiie, preparation of, 215 
p^BromoetilbeDa, reaction with beniana, 485 
d-Braoce^t'rM dibromida, ranction with ben- 

d^BriQiDCHtyma, intermedlata from atyrane di- 
brMoida, 117 

BnenAi^am^Bi^iion of, 873 


p-Bromotfaiophenyl metl^l atber, reaolion Mirh 
p-phthaloyl chloride, 451 
Bromotolueoee, preparation of, 084 
, reectjon with aoetyl chlonda, 228 
, ^ benaovl chloride, 225 
t — Mobutvl chloride, 175 
, — phoBphoruB triehlonda, 158 
, - phthalio anhydride. 628 
Bromo-m-toluio aoid, reaction with banaenc. 135 
188 

n-Bromo-o-toluyl bromide, reaction with elilnin- 
benaene, 281 

(Bromotolyl)propionyl chloride, ring oIobuib of, 

280 

Bromotriehloroathana, preparation of, 773 
5-BrDino-1,2,4-trimethoxybeniene, condeniuitiuD 
of, lai, 143 

btff(BromDtnmethylbenBpyl)BthyleDe, prepnratiui) 
of, 243 

a-Bromovaleroyl ohloride, reaction with rraoi- 
cinol. iS4, 448 

p-Brtunoxylonol methyl ether, reaction with 
butml ohlonde, 818 

Butadiene, teaction with hydrogen ctilnriile, 77J 
, polympTuation of, 785. 812 
Butadiene and hexme, pioyinmMtion of, M12 
Biirndione sodium polymer, hardening of, 812 
Butane, preparation of, 11, 822 
iraction with acetyl chloride, 744 

- , — aluminum chloride, isomenaation of, 787 
821 

. — carbon monoxide, 768 

- , propylnie, 741 

Butanes, reaction with butylenee, 740 
Butene, polymeriiaiicni of, 788 
— . rpaotion with aluminum ohlondo, 792 
— , — benxfiDe, 402 

— , — benzene and aluminum chloiide, 0D5 

- , — iaobutane, 741 

Butene and ethyl alcohol, polymerizetinn of, TDi) 
Butme and naphtha, polymerization of, 790 
Butenes and petrolsum ^er, polymoriratjon of 
799 

p-tert-Butylaeelanilicle, preparation of, 107 
Butyl aretate, reaction with benxene, 076 
Butylucctophenone, preparation of, 210, 223 P7b 
07B 

Butyl alcohols, complex with aluminum ohluiidi 
53 

reaction with anisola, 535 
, — benzene, toluene, xylene. 021, 623 

' chlorobmenp, oaphtbaluoe, cblurotulunu 

hydronn chloride, 732 
• ptienol, 630-8 

p-fcrf-Butvlanieola, preparetion of, 681 
n-Butgbenaene, intramoleeular rearrangpnipntji 

Butylbcnienes. preparation of, 81, 82, 01, 02, 91 
88, 100, 401, 03], 601. 002, 714, 716, 719 

- reaction with aluminum chlonde, 714, 710 

— ieoamyl chlonde, 710 

— , phthalio anhydride, 624 

— , — auccbiio anhydride, 584 

fi -Butyl benioate, reaction with bonsene, 67 j 
( ferf-BiitylbmoyDpropionic aud, preparation 

Butyl bromidea, reaction with furoetca, 201. 2fl2 
fi-Butyl chloride (ece alec butyl Dhlorides ari'i 
isobutyl chloride) 

— , dehydrohalogenation of, 04 . ,wi 

— , reaction with bcnsanc, 81, 81, 83, 84, 06 
— , — carbon monoxide, 787 
— , — ethyl 5-broino-f-fitroaie, 203 

— ethyl a-naphthoato, 181 
— , — 2-furoie acid, 800 

^ methyl 1-furoatc, 201 

j,* butyl .hioiut^s ...I 

isobutjd ohloride) 
preparation of, 772 
reaciioB with benssne, 103 
^ cresyl ethetf, 180. 187 
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tcrt-Birtyl ebloiide, reMtion with orolDbaaifi, 

fir* 

^ p<fS??«?^butylbeiis«nfl. 102 
^ 2-fuiyl phanyl ImIoiiq, 1B2, 200 

- uaphthBloM, 100. 100 
- - a- or ^-ii»phthol, 182 

- phenol. 170. 180, 407, 027 
— B^propyluiiiolfl, 187 




, — eubititutM phenols, 170 
toluene, 80. 84, 82, 80 

— trimethylethylene, 878 
, — xylene, 02 

Hutvl ehlDrideB (see nleo leobutyl chinrujp) 

, reaction with acetanilide, 107 

— nniaole, 180 

— , *- bromobenxone or chlorobeneene, 175 
, ^ dichlorodipheiiyl ethere, 188 
- , - diphenyl ethera, 187, 188 
- , — 2-furfural, 202 

~ , solvent for Miuninum chloride, 24, 104 
Butylrhlorobenxanea, pr^aration of, 023 
II Butyl rhlorosulflte, reaction with benaene, 100 
Dutvl rhloroflulfonatea, reaction with bename 
160, 082 

Butylcresol methyl ethera, pr^uration of, 408 
Riitvlcvdopenianea. lacnneriaatiim of, 780 
t(rNDu(\l>m-cymene, preparation of, 88 
B lit V I dimethyl -p hydroxy ph pnyl )methanes, 
preparation of, OM 

p-tprf-Butvldiphenyla, preparation of, 500 
Ifutvlene, polymeriaation of, TOO, 708 
nutvlcne rhlorohydnn, prf*paration of, 708 
Dutylenp oxide, reaction with h\ droearbona, 709 
Butvlpiiea, preparation nf, 04 
leartion with butanee. 740 
Butvl ether, reaction with tnphenylmethvl chlo- 
iide, 118 

?i Biit\l ether, reaeiion with henanne, 085 
/pr(-Biifyi ethen, preparation of, 00 
Buivletlivlbcnaene, preparation of, 714, 710 
n Buti l-2-ethyl valerate, reaction with benrene, 
075 

n- Butvl flunride, reaction with 81 
n But>l formate, reaction with benzene, 075 
) fprr -Butyl -2- furfural, preparation of, 202 
9‘f(r(-HutvU2-furolo amd, preparation of, 200 
1 ^’re-Butvl-2-fuiyl phenyl ketone, prrparalion 
uf 192. 200 

Biilvl halidoa, reaction with benzene, 82, 91, 02 
“ , — ethyl 5-bronio-8-fur<jate, 201 
. — furan eetera, 108 

— phenol, 174 

. — toluene, 80, 84. 85 

Biitvlhydroquinime, reaction with meleic anhy- 
dnrie, 581 

^'jgt-ButylhydroxynainithaleneB, pniiaration of, 

hypochlorite, reaction with beninio, 
m2 

Hutvl iodide, reaction with benaeno, 80 
lodidee, flleavafa of, 770 
DUtvl ^butyl ketono, premration of, 705 
! # * n “obutyrata. reaction with benzonp. 675 

I , “ . ‘“"“Wliaopropyltoluene, preparation of, 83 
ttuTilmaJonyl rnlorldo, reaction with p-cresol, 449 

' ' ^-naphthyl methyl ether, 449 
n iT" P,'*”**** sthere, W 

fhnipthvd fihloride, reaction with resoicinol 

~ P-Jolv[ acetate, 449 
4 hr, ?r**"*7* »»thvl ether. 448 
» rr -Butvl -8-meth DKy «- 1 -metbylbenaene. prrpa - 

II. .. ^ 

aulfonation of, 108 

D 23 ^^|^^>^pHthalenoB, preparation of, 105, 106, 

preparation of, 028 

Ti-liiitii P^*^**^®'* preparation of, IBI 
■w metinn with bonzenp, fi75 

ttrwmtlon of, 627 

eldnrS **^'*^”*®^' with fpr4-biilvl 

®'«oridH nnd plipnol, 180 


p-tsrf-Butylphanol, reaction with benzene. 880, 
092 

t^e-Butvlphenole, prepzration of, 20, 179, 180, 
181, 407, 027, 628, 081, 709 
Butvl phenyl ketone, preparation of, 212 
n- Butvl propionate, reaction with benzene, 075 
IrrNButylpropiopliRnone, preparation of, 228 
4-efTf-Butvlrr>8orcmol dimethyl ether, prepara’ 
tion of, 408 

n- Butyl Btearato, reaction with benzene, 075 
n-Butyl sulfite, reaction with boiaene, 682 
Butyltoluenca, preparation of, W, 82, 64, 85, 483, 
620. 021, 718. 716 

— , rpaction aluminum chloride, 714, 710 
— , — Boetyl chloride, 220 
cyanosen halides, 149 

- , maloie anhydride, 578 

- . iBopropyl clilonde, 83 

<ti9r-Butyltoluyl)acrylic acidi, preparation of, 

578 

f-tirf-Butyl-m-tolyl methyl ether, preparation 
of 186 

II -Butyl valerate, reaction with benspne, 675 
Butvlxvlenee, fonnatlnn of, 82, 88. 714, 716, 719 
iRomenzation nf, 85, 95 

, prpppiation of, 82, 88, 92, 488, 621, 081, 714, 
716, 710 

j reaction with acetvl halide, 220 
-, -- aluminum rlilonde, 710 

- 1 1 ‘arranKemcut and ieomeriaatlon of, 85, 05, 
710 

BiitvTaldehv i1p, renctinn with benzene, 048 
Hutvne and, renctinn with butvivl dilonde, 702 
Butynr anhydride preparation of, 762 

- . leamnn with cresol methyl ether, 071 

- — toluene, 671 

Biit> roplienone, preparation of, 212 
Butvn lapetnnihde, preparation of, 384 
Butvrvl rhlonile, oomplexoB with aluminum chln- 
]ido, 61 

reaction with acetanilide. 884 
neelvlene homologs, 700 

- , — nnienlr, 803 

- benzene, 212 
, — benzonitrile, 880 

— , - p-bniimoxvlenol methyl etliei, 313 

- — butvrio acid, 702 
, rn^^pc^n1, 354 

- , — riirhlorimerylene, 202 

— fill an, 8/8 

— ", - livdroxydihvdroplienanthrenr. 359 

- , - phenetolc, 300 

— phenol, 355 

— ])hlorr>fElucinol, 850 
, luiocatcrhnl, 850 

- - tetralin 275 

n-Butvrvl rlilonde, reaction with o n-propvl- 
phennl, 858 
— , — thvinnl, 853 

( 5-Butvrvl- 2,4 - dibydroxyphenyOphenvlethane, 
preparation of, 707 

(.5- ButvTvl -2,4- dihydroxyphenyl )phen5^1methane, 
preparation of, 707 

( 5- Biitv ryl -2,4 ’dihydroxyphenj'Ophpnylpropane, 
preparation of, 707 
RiitMAlfuranB, preparation of, 376 
Butvrvl halidra, reaction with alkylated ben- 
rene«, 219-220 

4-nuh rylphenyl phenyl ether, preparation of, 
707 

Butirvlphloroglucmol, preparation of, 850 

Cadmium chloride, viaooaity relationship of solu- 
tion nf, 27 

ritlnum chloride, complex with aluminum elilo- 
nde, 42 

C''amel1a ml, reaction with toluene, 475 
C^'aiiiphene, preparation of, 790 ^ 

Camphene and isoprene, polvmenzatinn of, 612 
^-Caniphblmic acid, reaction with benzene, 470 
(^impholide, Tsaotion with benrene, 495 
Camphnr, ii>aeUon witti diniethylaniline, 084^ 
raiiipliono nnhydiide, iroriion uith aluminum 
clilnnde, 574, 781 
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Campbona anhardrid^ twiicm with nnMe, hm~ 
■MM and toliiMM. StA 
Cmcm aoui amide, prefiaretion of, 746 
P-Oaproylmuiola, preparatioa of. 804 
4-a-CapiwlQatBimol, preparoticm of, 70^ 

Oaproyf ehltoida, naotnai with lieoiFiie, 818 
— , — eyekihaiaDe, 780, 760 
— , funn. S7i 

- phenol. 888 

a^Oaprojrl ohlorlite, naotion with anieole, 104 
l-Oaproyl-O-shlompbenol, preparation of, 707 
Oaproyleyelohnene, piepBration of, 7M 
Qapnqrleieaoli, preparation of, 708-704 
Caproylfuraa, preparatiDii of, 876 
Gapro^phenol, preparation of 708 
4^N-Caiwyloat^ol, preparation of, 708 
Oapiylyl chloride, reaction with beniene, 212 
— , -- o-n-propylphaiol, 888 
8-Chpiylyl-4-oh1orophenol, preparation of, 707 
Carbaim ehtoride, oomplra with ahnninum chlo- 
nde, In 

Twjtion with Boenaphthene, 800, 801 
— , — aniBole, 847 
— , — baaoane, 100 

— , — bauene. tolnene, cumene, xylenee pviido^ 
cumene, ana durena, 850, 800 
— , — hiphenyl, 800 
-, — carbaiole, MS 
— , — i^ohesane, 781 
— , * uphenylcne oxidn, 378 
— , — ethylene glyeal diphenyl (thor 340 


— ethylene glyeal di| 

— ethylnaphthalene, 

— fluomnthiene, 300 


) 886 

(C&il>oiitnn]cvoay)fun^ ohlonde, reaction 
with phrologlucmol, 887 

(CariMnieChifkyfny)atrolactmie acid, iwaction 
with benacDe, 888 

(OnrtK»iPthcMy(iiv)benaoic aoide preparatmn of 

(Oarl>omrtho«yoey)benaophcnoMa, preparation 
of, IM 

fChrMBOth^ ehloridn, reaction 

( P^j^ iroetih mty ogr^n^ chloride, reaction 

rofimn. nltminnm ehloiida from alumina and, 

CanSon dlorida, i«ac|lon with anilineM, 800 
— aromatie Hydroearbona, 0, 806 


— , — hydroearboDfl, 785 
— , — methylthiophenM, 873 

— naphihaloie, 290 

— , ^ naphthyl methsrl ethera, 348 

— paralAn hydrooarbone, 746 

— , fi-pentane, 746 

— , — phenol ethere, 847 

— polynudear hydrocnrbane, 800 
— , — pyrMM, 800 

- , — thiophmal ethyl ether, 370 
- , ^ tnpncnylMie, 300 

Onibamyl ohloinde oomplex, preparation and utc 
of, 300 

CWrbnmyl ctdondee, rabetituted, complex with 
nlumininn ohlondp, 49 
Garbaiole, ncylation of. 390 
— . reaction with neetu anhydride. 972 
— , — bensoio anhydride. 078 
— , ^ carbamyl chloride, 308 
— , — fatty acid dhlondee, 391 

— pbthalio anhydride, 889 
— , ^ eueeinie anhydnde, 880 
Oarbniole nnd oleniw, raunB from, 818 
CnibaioledieniboEamidec. preparation of Na 
Garbnaole hicfkatobiityno nmd), preparation of 

((SL. haKy)bcnioyl chlonde, renction with ben- 
iene, toluene, nnd wi-xylMM, 188 
p-(Cnniae(hfMry)Gliiiiainoyl chlonde. Fraction 
with phloi^tiefaKil, 444 
o-(OarboethoaQr)-p-oreaol-8-culfonyl chlonde, 
raaotion with m-tolyl methyl ether, 881 
(^-CbrboethcnyeihylHalueiia p -sulfonate, reaction 
with bciiaene, 681 

(Oarbaithoiyoxy)beaM}yl chloride, reaction with 


eSarbon dlonidiL reaetlon with chlorobenienn, 50R 

— orcBcda, 808 

— phenol, 668 

Carbon diauHIde, ae a dilueut, 147, 108, 185 1D7 
198, 800. 310, 880, 878 

- , reaction with arnmaiie oompouiidi 8l0 
- , 0ol\ ent for aluminum ehlondCj 14 
— , ^ la alkylation of ketanai. 300 
— , — 10 ketone lyntheBia, 198 
Carbon monoxide, reeetion with alkyl haliiliN 
767 

— , — beniMke, 890, 897 
, — biphenyl, 809 
— , — butanci 788 

- , — n-butm chlonde, 767 
— j — chlorobcnMviP, 800 

— cyd^exanc, 786 

— , — dunethylanilinD, 883 
— , — ethera. 768 
— , — ethyl ether, 788 
— . — ethylbcniene, 899 
— , — ethyl chloride, 767 

— hydrmdene, 899 
— , — iBobutane, 765 

— , — ifopropylbenienr, 590 
— , — meettvlenB, 590 

- — paraflina, 768 

- — ppntane, 787 

toluene. 899, 645 

— toluene and h>dii)gpn chloridr 596 

— , — xylenea, 598 899 

Carbon miboside, reaction with benepno S(Kl 

Carbon tetraehlnriile, prPiiaration of, 778 
— . reartion witii alumina 859 
— , — alummum 848 
~ aniaolB, 1B9 

— bauene, 7. 0, 113, 118, 117 118 127 170 
177 

— , — bromobauene. 177 
— , — ^ chlorinated otsfina, 778 
— , — chloroben/ene, 178 

- . — o-crveol. 188 
— , — p-creaol, 615 

— , — p-dibromobenioie 177 
— , — diohlorobcnMnec, 177 178, 488 442 
— , — ethyl lodidp, 779 
— , — halogmated bcnBcnra, 170 

- — hvdrocarbonB, 787 

— . — phthalic anhydride, 614, 808 

- — toluene, 118 

— , — tnehloroetbvlene, 775 
-, — m-xylnie, 118 

Bolvent for aluminum chlonde, 34 

— table, 37 

Carbon tetraiodidc, preparation of, 770 
4 4'-bjJ^2''-Carbox\ben»ovI)blphpn>l, prepirilion 

biv(6arboxybenjiny])earbBaole, preparation of SIO 
(Carboxybeneovl)djbeniofuran, preparation ' f 
M8 

buCCarboxybeneoyDathylcarbaaole, preparation 

of, 889 

(Carboxybenioyl)dihydrox>biphenvlB, pn parntinn 

of- 

(Cybo^baiisoyOhydroxvquinoline, preparation 
bi^dariKnybBnBoyDmethylearbaiole, prpparalion 

of. 9m 

(Cyb^beniovnphcnanthndimfla, prrpamtion 

brd6arbcMybenaoyl>phFni)thiaiiiie, preparniion 

fCarboxvbeneoyDpbthidie anhydride, reapf»n>‘ 
with beniene and toluene, 887 , 

(CarboxybenaovOpyrene, raaction witli pi** 

bi^H^ykn^Othianthrene, pieparation of 

9'-Chrb0XV-4'-hydPO«V-8-b«i»oylbenaoiB an I 

preparatMUi of, 688 ^ # me 

Ckrbmcyl group {nhibiting elf^ hvilm- 

Carboxylic acidi, reaction with arofnntio hy 
cnrboiM, 088 
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CftrboKyUB Msidfl, rvMiiim with thumyl ohloridfli 

S-(S-Cwbciiyphmyl)thiogly6olyl chlonde. ring 
(dcMiira of. UB 

S-(B-CvboK3rphfliiyl)tluO|lyoolyl chlonde. ring 
eioeure of, US 

Carvacrol, preparation of, IBI 
— , raaotioD with aoetyl chloride. 853 

— aoyl h^dee, 884 

— , — ilummam chlonde, 725 

— hydrogen cymude. 603 

— triohloroBoetonitriie, 805 

Carveciyl bensoate, reamwigeinBiit of, 700, 704 
Coahew nut shell oil, polympneation of, 817 
Castor oil, polymeniation of, 817 
— , reaetion with aluminum chlonde. cracking of, 
782 

Catalyiu, with aluminum ohlonde, meohaaiam of. 
57 

Catalyst, effect of eoneaitratinn on rato, 87 
— , mised^ UM of, 868 

quantity required for alkylations, 200 
Catechol (see Pymrateehol) 

CeUobiose ootaaoetate, chlorination of, 774 
Cdlosolve acetate, advent for aluminum ehlo- 
Tide, 24 

Ceti'ne, polymerisation of, 7V0 
('ttylbCTsene, preparation of, 462 « 

pHtvIphenol, preparation of, 678 
Clkalcone, preparation of. 8U 638 
, reaction with duncthvlanilmc, 634 
Chaloone ethers, preparation of, 300 
Chalcones, reaction aith aluininuni chlorids, 4Di 
f^haulmoocryl chlonde, reactiim aith reeorciunl 
dinirthyl ether, 828 

riinnluioogrylmetlioxybensenee, preparation of 
328 

CliinawDod oil, polymerization of, 817 
Chloral, onmpleK with aluminum chlonde and 
aietir acid, 147 

- plus acetic acid, complex aliiiuinum 

chloride 51 

— , preparation of, 761 

- , reaction with acids, 147 

— alcohols, 147 

— , — aluminum chlonde, decomposition of, 781 
~ BTomBUo hydrocarbons, 146, 641 
~ -bensoia, 144, 145, 146 
— , — bensyl aleohol, 147 

— phenol, 147 

—I — phenol ethers, 147, 641 

— resoramol, 147 

floral alcoholate. reaction with pbcnetole 147 
rhlornl hydrate, reaction with aoetophenonp 1B2 

- , rcactioa with aromatic hydrocarbons, 641 

— bensene, 147 

niloruiated triasmes, reaction wiUi naphthols 
and phraols, 186 
“I — acetylene, 778 
. — aliphatic anids, 774 

— alumina or alumimferous ora, 848 
aluminum. 844 

aluminum eaibonate, 860 
aluminum nitride, 861 
^ alummum phnsphatr, 861 
-- alummum sulfate, 86t 
" aluminum sulfide. 861 
~ - bauxite, 819 

— bensene, 610 

I tym-dionloroothane, 774 
I' - ««. 778 

I — ethvliBke chloride, 774 
' » — athyjene polymers, 778 
—I rthvlideue chloride, 774 
“ hexane, 774 
- " naphthalene. 611 
nitrobenaene. 618 

— PerchloroethylieiB, 778 
-IH^leQe.611 

' phenol, 618 

— PhwJ earbonate, 612 
phthsloeyahiiieM, 612 

— Polyviiiyl ehlonde. 775 
|W, " toluene. 618 

Ofme in the ring, inhibiting effect of, ITT 


Chlorme, liquid, solvent for alummum chloride, 

Ghlofoaceantbraqumones, pjrepamtian of, 388 
Chloroanetanilide, raaotum with bensene, X56 
— , — ohioroacetyl chlonde, 884 
— , nng oloeiire of, 418, 416 
Cbloroaoetio acid, reaetion with dbloroaoetyl 
chlorids, 768 

Chloroaoetic anhydride, pr^aration of, 768 
— , reaction with tolumie, 671 
Chloroaoctone, reaction with bensene, 180 
Chloroaoetonitnle, complex with alummum dilo- 
ride, 68 

— , reaetion with bensene, 506 
4-Cb]aroaO0tophenoiie, preparation of, 814, 670-1 
m-Chloroacetophenone, from bensene and ehloro- 
acetyl chloride, 228 
— , reaction with toluene, 180 
(Chloroaoeto)toluide, nng dosura of, 410 
8-(ChloroMwtyl)acenaphtheiie, preparation of, 591 
bM(Chloroaoetyl)Boenaphthene, preparation of, 

290 

(ChloroBcet\l)aoetaiiilide, preparation of, 884 
(Chloroacotyl)aniBole, preparation of, 802, 808 
hia(ChloroBcetvl)anisole, preparation of, 808 
(ChlnroacetyObiphenvl. preparation of, 381 
bisCChloraacetyl) biphenyl, preparation of, 281, 
862 

4<(ChlDroBoetyl)oBtpGhbl, preparation of, 705 
ChloroBcetyl cUonde, oompla with alummuiii 
chloride, 49 

leaction with acenaphthene, 290 

— aretamiiloh^drindene, 880 

— acptaiuidoteftrah3rdroiiaphthalene, 886 

— acetanilide, 884 

— acetopseudDCuimdme, 385 
-- aretoxyhde, 885 

— acet>lmethylti!trahydroquinoline, 800 

— acetvltetrahvdroqmnoliM, 390 

— acet)l-p-toluidB, 884 

— aiusole, 302 

— benaene, 288 

— biphenyl, 281 

— m-chloroecetanilide 884 

— ohloroacetic acid, 702 

~ chlcrcnieth^l p-senyl keteme, 281, 303 

— chlomresorcinol dimethyl ether. 322 

— p-cresol melhvl ether, 800, 727 

— dichloiobenzcnee, 227 

— N-(Dunethylpbenyl)phtlialunide, 882 

— diphenylenc dioxide, 878 

— diphenyl ether, 842 

— ethylbmssne, 283 

— ethylene, 755 

— ethylene glyool diphenyl ether, 844 

— ethyl phenylaeetate, 880 
-- furan, 876 

— halogenated benseoes, 230 

— homocaterhol dimethyl ether, 331 

— hydrogen sulfide, 780 

— hydroqumone dunethvi ether, 327 

— 8-hydrox> qumolme, 889 

— meeitylene, 182 

— bisCmethnxvphenyOether, 878 

— methoxvquiiiDluie, 800 

— naphthalene, 278 

— naphthyl methyl sulfide, 435, 444 
^ perylene, 292 

— phonol, m 

— phenetole, 800 

— phenothiDXin, 875 

— phenoxvaoetic soid, 803 

— phlnioKlurinol trimethyl ether, 886 

— pyrene, 291 

— rcfforoinol diethyl etlio', 821, 823 
. — thianthrrae, 376 

— p-thiocrasol methyl ether, 8, 70, 484, 443 

— thymol, 854 
-- toluene. 282 

— veratrole, 817 

— xylenes, 882 

^ _ 2,4-xylenol methyl ether, 812 
o-(ChloroBcetyl)-p’Oreeol, preparation of, 809 
(Chloroacetyl)furan, preparation of, 870 
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{(^oroflOi^l)iiMt|KMiypbe^ Btber, prepAimtion 
of I in 

(ChIoit»e««yl>miailioqrQUi]i^ prtpoittUon of, 
HQ 

N-^GUoraoetyU-K^oiMbylaiulid*^ rioi elomne 

frurfbhloromtylteeiylcme, prapomtum of. tn 
binCbloniMMtiylmcaotdle. ptopmtiMi of. lOQ 
6ij(Qhloi«Milyi)pbMu>thioKni« proporation of, 

p.(CliloroMotyl)pbBno]i3Meiie oojd, prepamtimi 

of. QQQ 

bij^-ChloroMBtylphni^l) ether, preparetion of, 

6M(GbloraMeCyl)pvreBee, prrperetiun of. 291 
bif(Chliiroeoftyl)ieeorciiiDi d^ithyl ether, prepe- 
retion of. IM 

bMKQdoraeeetyDthiapihrene. pnparetiun of 975 
Q-fOblordoeetyOUiyiBol, preporetifHi of 394 
(ChloroeoetyljiyUae, ring elosurr uf 419 
Q-CbloroMndooo, preperetian of 420 
Q^CfalcrooerMfaie, leeetiOD with <lijilk\ Innilinevi 
IM 

N-(e-ObloroeiiiyI)bensamide reutioo with ben^ 
■ene^ toluene nnd xylnie, 140. 1A3 
c-dUoroe&iyl phenyl ethtf, ronotion with ben- 

MDO, 141 

Chloroenilinie, prepnmtian of. IM 
CSikmoaoMde, rceeiiuo with beneo>l chUmdt 

914, m 

bnnoaiMbutyryl ohloride, 911 


— hydrogen eyamtle OUA 
~ pbenyl leouiioovnnaie, 
^ phtbnlio anhydride. gjO 
‘donaee, f* ' 


, tolu 


914, 782 




Chlorobensene, renoiioo with butyl aliuholh 023 
, ferf -butyl ehlond^ 175 
, - earbop aloxide, 908 
, ^ carbon vnonidilde, 199 
^ carbon tetmoUandbl 170 
— ehlorinated benwl cnlorulee. 120 
yl Oufinde, 


- chiorobenioyl 


nt 


.duyl ehloru 

Chloroanthraoene. reaction with osalyl chlonde 

2H 

Chloroanthraeenecarboiwlio ontde, from ohloro- 
anthraoene and coalyl nhlcvide, 2M 
Chloroanthreneneearbc^lyl ehlcmde. preporatirm 
of 290 

d-Chloroanihraquinone. reaction with 4-aniino- 
anthraquuiooeaeridone. 192. 197 
CbhmnntliinQuinoneacndone. preparatioQ of. 120 

l-ChloroBnthraqujnone-2-earbozyly) ehlonde. re- 
action with (libenian throne denvati^ee, 3M 
Cbbrngntbraquinope eulfontc auds, preparation 

9-cijorantbrone. reactian with beneine. 141 
S-Chloroanihrooe, from n-bromo-o-toiuyl bro- 
mide and ohlorobonMne, 211 
1 -Gbioroannndole, pieiMuntaon of, 179 
p-^lorobcnialaeetone, beuotaydiVlAoetone from, 

o-Chlorobenialdehyde. roaotion with bentene. 049 
p-ChUwobaiBaldebyde, preparation of 999 
p-ChlnrobenmUqiidine, reaetion with benscne 

IH, 4M 

reaction witli benseni 


ibmnalquioaldlne, reaetion with beniene 

ChlnirebiMmklt, renclinn iritb alummum chlo- 

CfilorobtaeaBibroMe, preparation of. 994 
ChlnmlMBMBe, nction of alummum ehlonde on 

OH 

— , eompicn with atumlnijm ehlonde, 49 
pnpnniAimi of, 199, IM. 197, 910 
naMhin with icetin anhydride, 970, 971 
— gnetyl nhlondc, 214 

! — SaMimiunumeeiabQ^ ehlondee, 217, 940 
linaecdDne, 140 


— h-ehlorobutyiyl chloride, 449 

0 - or p-ehloronninBinio aeidc, 471 
. — chloronitrobenmyl ohloride, 2M-7 
, — d'Ohlornpropionyl chloride. 449 
j — erotonyl ehlonde, 444 
. — cs^ohexene. 409 
, — c^ohcnyl chloride, 130 

> diohlorophthalio anhydndr, 649 

> ethyl alcohol, 023 
^ p.fluoropheiinl, 191 

, — lumaiyl ehlonde, 242 

— furoM acid. 477 

— icoamyl chlondei 179 
iBoprobyl aleobcl, 033 
tnetbylphthalio i^vdridi 957 

, — naphthmenediearboxvlio anliMlndi 500 
, mtrobeoaoyl ehlonde 296-7 

— nitrobonevl ehlondee 199. 150 
mtiogen peroxide, 087 

— oleio acid, 475 

-T phoephoriia trichlorid^ 108 

— phthalic anhydride, 537 

— nuccinie anhydnde, 985 

— Bulfophthalie anhydride 558 

— eulfur, 109 

— eulfur chloride, 105 

— eulfur dionde. 204, 509 

— tetraohlorophtnelio enhyclndp 548 
~ p-tolmo eoid, 984 

. — o-tolu5l chionrle, 317 

— tneliloroatetonitrile 905 

Chlnrobtf iiumoMulfinie aCid preparation of 909 
p-ChlorolHmaeiieeulfonyl chloridr, cmnpItT >wt] 
aluniinuin ehlonde, 94 
— rcnrtion with bromnbeneene 207 
i^tilurobrnioajuifluoreoonp, preparatiDn of, 422 
9-Chloii>-l 2 -benroieothiaaole-l- dioxide reartim 
with iliniethilanilme, 190 
p nilorobenenir acid, preparation of 908 
C lil(»iobeniopbenonce, preparation of, 215, 23n 
084 

1- Chlorobenaotbiaeo1e, reaction with 1-thiobtuzu 
eelenacole, 107 

]-p-(Cli]orobeneoyl)anthraqiiinonf, from phinrt 
iHuisene and oanioxvlyl chloride, 217 
tetni-p-(Cblorobeneoyl)anthiniiuinono, from im 
tbrBqumooetetncarDOK>lyl colonde and Ixn 

2- (4%hlcfrobenaoyl)beDBoio acid, preparatioii rf 

Chlorobtneoyl cblondea. reaction with BCftnxvlidr 

999 

, - anieole, 204 
, — beneantbronequinolwe, 290 


, — benioylnaphtlinlene, 278, 391 
bromobenefloe. HI 

dinUcroiiapfatnalenee, 280 

, — dinhloropeiylvie, 208 

— halomnated tolueiiei, 920 
-i — peryhmejJIlH 

- pymtie, M 
— , ^ loiiMM. HI 

iC^lordbm^j!dSorobcneom add, piepiu >ii •' 

of 948 

(Cbioriib«i/oyl)d»#hliirBMplitJwl«W. pf P"“' " " 
of 299 

9-(p-Chlorob€OioiJ)-4,l0-dlbhloroperyleni* 

pre n erati on of. Hi 

hKOMaMMOMHJMbylcm. »r«B eMorobnn'"* 
and fumaiyl ohloiicle, 942 . 

bi^lorDlMiuayDittplithalaM, pW***®" 
(Cbl«tiilMBM>rl)Mpbihoia Mid. prei»nit>»>> ' 
M<»>rabauafl)piC|ftaM*i 
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refection nith phennl^ 


(p.Cti!orob«iuKiy1)pniploiiic mrid. prepfeTAtioii of, 

5tt 

(Chlorobenioyl)pmie, prepferation of, 202 
ChlorobeniVl thloiide, reactinn mih 2,6 aiolilnro- 
ptienot, 184 

pimtAn 164. J8B 

((^l^orobeiii^iiftpnthalene, refection with brn/n)l 

ChJotrdbipiittyli rmriion with alkyl haliilm 176 
- — oleAiia, 466 

— phthfelie anhydride, 620 
rhloTODUtanee prepnrfetion of, 777 
(b Clilorobutyl)beiuaie, 

IBS 

7.Chlorobutvrio fecid rpaotion with benzene nnrl 
toluene, 186 

N-fl-Chlorobotyroandide, rinc doeuTe of 417 
^>Chl<iro-7-butymlBctoiie, prepamtian of, 764 
V P-CUorobutj^l aol amidee, nnii elo^iire of 
417 

a PhlurobutVDl chloride, reaetion nith heiirmi 
143 

bromonfephthfelene, 278 

— clilorobeDiene, 443 

— B-rhloroofephthfelme, 278 
p-enwol matlul ether, 812 
^-Chljrobutml chlorirle reaction aith 14 li 
mptli\lnaphthfeleiie sn 
nophthfelene, 273 

0 ifi Ch1orobut3rry1)-p-oreBo1, pipparntion uf 
312 

Cljlarocfepro\lr>dnbexfefie, preparntinn of 760 
rhlorocBtboiuc acid eeten, used bb alk> luting 
Afeint 186 

(3 Chloio-6 CferbozylphonyOthtoglvLolyl chloride 
ring doBure of, 426 

Chlorocinnnmle BCidi reaction ^ith benrinp or 
chlorobenMiie, 471. 484 

Chlmocinnamoyl ehlonde, reartion nith binrim 
and with m->feylene 848 

p CliloForrefeol. reaotioii nitli dichlornphthalic 
anhydride, 648 
-- phthaJic anhydride, 582 
Chloroeumenei, preparalion of 623 
Chlnrocyclohexanr, aoluUon of aluminum rhlo 
rida, conductiyity table for, 88 84 
nilorocydohesylbenaeoe, preperation of 466 
riil(irocvm>lpbaophiiM, preparation of 170 
ndurodjbeDBoylnapbtharenei, preperaium of 27S 
piorodiethylaiphenvl ethen. preparation nl IHS 
C hi wndipthylinobutylmethane, reaction with bin 
Mne, 108 

ndorodiptliylmeUiytmeUiaiie, reartion with bm 
une 107 

( I lorodietbyUn-prcipvlmethane rendiim wjMi 

hm»^e 108 

^ ^IjyodWuoromethane, preparation of, 778 
rhlnrn.8 4.dlhydrosyaeelapheBone, prep trn 
tion of, 817 

Uilnrodiisoaimrliaobutvbiiathane, reaction with 
l^wne, IDS 

'^^jKliiaoiu^lmethylinethaiiB, renotioii with 

^lihrodiiAoamyl^ii-propyliaethBne, reaction w (I 
biiwene. JOB 

t^morndiMohuiylmethylmethaAe, reaction Pith 
bjjfene 108 

® ( to“M“dhiiithoiyacetophenone, preparation 
Of 817 021, 017 

t iiii)rDdiinethoav-o<'li>dnny acetophenone 

priparatinn of, 008 

^ -^*°*‘®** 6*diniethyl-l-aoataniinoben»ophe 
rri'J'VPi'Waticii of, 088 
briiTiroir'^loS reaction with 

reaction ailh 

SiLllS'”'*^!!^!**’*****^* PWpw»Mon of, 622 

reaction aith 
prepaniiion of 256 

>. t rob taaoy 1 nblorulea, reaction with 
n,i V •6l*if 

diloride, ring 


CbloTodiphenyl ethpr, alkvlation of, 186 
— . iBfection with fcrf -butyl ehlonde. 188 
— sulfur 666 

rhloTotliphpmlmethiiir, intermediate from hen 
rpne and benzol ehlonde 127 

— prppuiation of 144 

_ ruction with ahimiiium chloride, 114 
rhloimbr henyl a naphthvlmethane, preparation 
of 126 

Chlorndi n propvluobutylmethuie, reaction with 
benzine 108 

ChloTotli n-pmpvlmethylmethane, reaction with 
heim ne 108 

Chloiuflitnlvlmethane pieparalion of US 
Phloro pstirs, reaLlirin<i with hydrocarbons 136 
Cllnioetlianes renction witli alunuiium diloiide 
777 

— - ohlnroolefins 777 

C^loroelhuxybinr ildehyde, preparation of, 805 
(ChloroethDXM<hDtv)benfDyrairTylic acid, nnpn- 
rution nf 5B0 

(Chloroethnxy i*thi>xx Ibenzoylpropionic acid 
pi apuration of 588 

a rhloroethxl alnohol reartion wntli henrnii 620 
0 f hlnrii€lh\lbenrpne preparation of 428 
rearticn with aluminuin chloride, 429 

— bmzine 441 

D Chlonictlnlbenrene, reartion with phthalic un- 
hvriride 528 

p Chlornrilivibrnrrnc preparation of 623 
Chjnroethyl rhliiroinetlii 1 kitona preparation of 

Phloioethyl ohloropiopyl ketone, preparation of 

ip ('liloioethyUtlirhlorOiir^ine preparation of, 

784 

Chlnrnrthvlinr mclion wiUi dichlnroothanr 777 
Chloroithyl hy ilnnvphiml ketone, prepiirntion 
of, 858 

rhloioiihvli«iMimylmtth>li]ietliane, reaiiiDU with 
benzene 103 

kMO-ChloroLlhvl) ketone, prepamtion ot, 750 
^ Ghloroeth\l mcilivl kitone praparatinn of 756 
Chlnrocthylmttbyl-n-pi opy luiethane, reactinn 
with benzene 108 

rhloroatliylpenlanis preparation of 622 
a Chloroethyl d'-phciio'ypthvl ether, nnrtinn 
With alkvl halidoa 315 

fnsffl Chliiroelhyl) phosphate, prppsrafi m of 

785 

a ^hlnlfrth^l p toluene eulfonnte rearti in with 
brnzi ne 166 080 , , , 

Chlorornim complex with aluminum ililinli 
49 101 

— . preparation of 788 _ 

— , reartion with bEnzine 7 9 115 111 428 441 
— , — benzoyl peroxide 510 
— , — chlorraatMl olefins 775 
— , — dichloroithvlone, 778 
— , — dihalogPimlKl hninne 178 
— ^ — rth>l Wnuile 778 

- , — ethyl iodide 779 

- — naphtlmUne 115 720 
laiBchloioPtluIene 775 776 

— , - toluene 115 441 U7 j » 

- Bolution of aluminum chlondi eondurtivitv 

^’snbent for aluminum ehlnnde 24 •»? 
Chloiofiimarvl chlnride. enmplex with Bluininura 
ihloride 50 

isoiiierization of 791 ... m 

reartion wilh aluminum rhlorirti, 731 
Chlorofu^^l ethyl ketone preparation of 8n 
\ ((-Clilomlitx>l)benMJnide, reaction wiUi bm 

rhCBhSdrmdOTP. piepar.tion of, BM, 443 
Chloroln drins preparation of 769 
Chlorohydroquiiione naphthalone- 

4 cidoroY h\^ preparation 

™nr^'droxyb«i«nlhr»giiinonB, prep ratum of 

MO 



ANHYDROUS ALVMINUB£ CHLORIDB 


Chl 




of. 


PFflimtigii of, AIT 
Cblorohydroaorbiphtnyl, 
haUta, in 
2*Cltkni|inipoiMh m 
CtUorohamoyiMityn^ 


vilh alkyl 

pnpanUim of, 

CUof^-bydroByiiobi]tyiyl)phKu^ preparation 

A-CMo>o-4-lurdr(n|r-5>iiopfopylbipheoyl, pr«pa> 
ratMo of. in 

a-a - - 


nrflOantim iif< an. aS7. 

~ hyifarii^l^-iikethylaoetaphc^ 


CiUoniineeitylphaepiiiiiA prqiaratioD of, 170 
CkJoraoiethaxybaiMldMiyde. preparation of. 000 
OloroDieihoaybeiiieiienilfonylehlonde, reactioii 
with beneoM, 200 

Cadoro-p'-tnethaByboBaaphmiav, preparatim of, 

l«(%loro«1-CiD0tlioKyinethyl)iiydciheKane. reae- 
tion with bmM. 1« 

GhloramethoiyphaQjl phnyl aidfooe, from 
efaloromethotybeiuenirolfoiiyl eblonde and 


CShloroinethaximitnibflniophaione. preparation of 

340 

OhlonanethaKypbaiyl folyl ketonea, preparation 
^ 313 

4*ClbloiP*l-Detlusyniitboiie. deayace of, 780 
Ohlorunetliyl aeataie, reaetion with mesitylene, 
UT 

Chlanmethyl alkyl athar, raactkn with benioip, 
140-148 

Chlomiietbylbenaaiia, preparaika of. 044 
CMyoroalh^bgiKiphanona, pieparatioD of, 817 

8-{CliloroiiM4hy]baiiioy1)b«ni^ aoida, prepara- 
tion of, An 

CAdoTonw^rttie M yl ohloride, reaetum with 

MK4%Uon>-li-iii«thyibnw)ylW^ from 
IPmaiyl ehlodda and o-diforotolvene, 848 
^JeewotethylofM prepmtion of, m 

with 


CUorohydrciiymetlorlanthrBquiiiooe. preparation 
of, n8 

8-Ohlaro-8-hyilr»-0-inribylbeniophenone 
pr»aration of. NT, 7N 

3-Chforo-4-h3rdrDXv-A-]Dethylphenac>l ehloride, 
prepantum of, 7D7 

S-Gmoro-d-hydrozy-A-iutroquiDaeoline, reectiim 
with naphuialnia, 168 

GhlorohytuoKyphenyl tolyl keiona, preparation 
of, SU, AM, ANTTn 

8-Ohloro-4-hvdroayqnmaeoline, reaction with 
boiaene, Itt 

4 >Ch)Qro-l-hydraxythianaphtheBe*7-caii>oy% he 
acid, preparation of, 480 
Chloroieoamylbenaaiei preparation of, 023 
ChloroiaobutyllNBiiena, preparation of, 023 
/l-GbJoroiaobutyryl eblonde. preparation of, 704 
Chlorenaobutyrylpheaol, prepantiim of. 7M 
P-Chlorawoeaproyl oblonde. preparalion of, 704 
Chloroiaopnii^liiaphthalene. preparation of, 083 
GhloroiBOVBlcrQ!ylc^oh 0 auie, preparation of, 700 
Onie^actona, preparatKm of, 704 
ChLordectonM of valene aeid, reaction with «o- 
matie hydroGarbona, lAA 
piJoramaleyl ohJonde, prqiaraCion of. 701 


ani- 


OhjaromeChylmfoimamidiiM, fonnailon of. 001 

-s reacts with aromatie hyilrooerbotui, 007 
Chloromethyleno radial, introdueimn of mto 
eromatu nudaue, 044 

Alorometjiyl ether, formatmn of, 142, 042-8 
OilorQiiiethyl et^, reaetion with beiiaae, 142 
GhmronMthyl^ ethyl etha, reaction aith beniene, 

ChUMTomethyi-l-hydnndona, preparation of, 443 , 

Ohloiom^yl nothyl etha, reaotum with bm- 
Mne. 142, 142 

fChloramethyDni^thalene, praparation of, 044 
S-Chlaro-l-methidiuipbthalaie, reaetion with 
phihala anhydride, W 
e'-Chloro-l'-iiiothyl-t-naphthQylbenioie ancln 
preparation of, SBO 

Chloranothylphenylarefake. reaetion with am- 
matie hydroearboni, 171 
[(ChloroiDCthyl)phenvl]pheii>liiiethane, from 
beniyl ohlaid^ 123 

ni 1 oroinethyl(* 7 -phenyUR -propyl )aniine, inartion 
with benem, 171 

3-rhJoro-2-methylpropeDe and beniene, polvtiier- 
nation of, 310 

(Ch1oramethyl)propylbenEenB, propaiation uf B44 
(Tliloromethyl ^opyl ether reaetion with hm 
itene, 148 

N-(ChlaraineUiy1)auoeinmiide, raction with bin 
aeoe, IN 

rhloromethidthlanaphihae, reaetion with thia- 
naphthenediarboxylic anh\diide, 672 
(CliliiramathylthianaphthniDvObenioio ociri 
preparation of, 541 

fC'‘hloroinetby|)tdunie, preparation of, 444 
Clilorometh^ p-xenyl ketone, reaction with 
rliloroacetyl ehloride, 231, 302 
(ChloronieChyDxyleiie, prepeiatinn of 044 
Cblmonaphthalenee, reaction with aluminum 
chloride, NO 

- , — frrt-am\l alcohol, 023 
— , — henaene, IN 

— , — > laopropW alcohol, 023 
— — metlivlhvdnndenecarboxviyl uhloririe, 275 

— -- phttialic anliydndee, 020, 544 
7-ChiDro-a,^-naphthophenr>XBr8ine, preparation 

of, 172, 101, 442 

3- Chloro-1.2-naphthothioiDilnixyl, preparation of 
423 

4- niloro-l-naphllDl acetate, rearrangemeut of 
707 

4-ChlQro-1 -naphthyl propionate, rrarrangement 
of, 707 

0- C^loro-l-naphtbyltbioglyeolyl eblonde, ring 

rlomire of, 420 . . 

Chlonmitrobeiiaenfli, omaplnoe with aluminum 
ohlonde, N, R 

, preparation of, 087 . ^ , , 

Chtoranitrobeniena, reaction with tctraohlorci- 
phtbnlic anhydride. 0N . n* 

-, flolvnntji for elummum ohlonde, 25, 20 
Chlomitiobonioyl chlondee, reaetum with bon- 
lene or ohlorobenacne, 2N-T . 

p- or o-Chloro-p'-nitrodiphenylmethane from 

rhlprobmicene and w-pitrbbenayl ohl^a, IB® 

1- OUcro-l-iiftniphinol, foimation of, 780 

ChlartMoBoB, veaetiem with ehloroethanes, 777 
Chloropetylmie, chlorination of. OU . 

rhlorophmieiole, rcMtion with hydrogen cyacitip, 

— , — phenyl ieotfaloeyanate, 048 „ 

nilorOphenetylphaephiiM, properetlon of, IN 
ChiqraphMMtylthlantlirene, preparaUon of, W 
Chtocophinole, nlD^tion o0| J* 

— , readloD wkh bene^ ehlorlda, OR 

. AN 
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ChluraplMMPnriBa, PNpmtian of, 173, Ifl, 
442 

(p-C 1 ili)iropliMyl)M 0 t 3 ^ ohlonde, reaetion with 
boUMM. IM , 

TCMtUm with buiboIb and 

lU 


unilino, IN 

Chlorophoiyl DauaatcBi preparation of, 314. 8&9 
(Chloitiphc^l)«a-b«iiioylbMiBOie acids, prppara- 
tion of, SN 

]-Chloro-4-pheiiylbutane, ring oloeuie of, 125 
Clilorophenvi butyratM, roarrangenient uf. 706 
4 -Chlorophaiyl enproate, raarrangvanent of, 707 
l-Chlorophenyl caprylste, roarranaoiimt of 707 
Chlorophenylcinchonio acid ohloiide, ring closure 
of, 422 

d-ln-ChlorophenyOoinnamifl aokl, reaction aiih 
bfwne, 472, 485 

y-(Chlorophenyl)cyolohexane from chloTubrnirnip 
and ovciohesvl chloride, IM 
loKfCbJ orophenyl)diohliiraQiethane, preparation 
of, 176 

Chloropheaylethanofl, reactitin aith banirnr 12) 
- , reclUQUon of, 120 

4-Chlorophniyl heptanoate, rearrangement uf 7U7 
(ChToraphBn>l)hvLlrindoDB, from chlorocmnamn} I 
rhlonde, and bensrae, 248 
(ChlorophenyDChydroxyphenvDmothane, prepam- 
ration of, 184 

p-Cbloropheoyl laobutsmte, rearrangement of 
706 

f-OilorDphenyl a>methylbutvra( n, rearrangenient 
of, 700 

Clilorophioiyl napbthvl ketone, ring dneuro of 
654 

rhlnrophenvl phenyl ether, reaction with alk>l 
hslidea, IBB 

p-Chlorotohenvl phenyl aulfone, from hen^ene- 
Bulfcmvi ehloriae and ohlorobenaene, 261 
('hlcirophenylpentena, ring eloaure of, 125 
Chlorophenylphoaphine, preparation of, 16Q 
l-Chlaro-S-phenylpropaiie, reaetion with o-t>- 
Ime, 125 

4 Chloropkenyl propionate, reairangoneiit of 706 
U 8-fnR(p>C2iloropli«Qyl)propionic acid, prepara- 
tion of, 471 

f)-(«-Cli|or^henyl)prqpiDnyl chloride, ring do- 

^ fl'Chlorophenylpropiophenone, preparation of 
422 

^>/l-btB(p.Chloropheiiyl)propiopliononp, prepara- 
tion of, 484 

with benaene, 140, 484 

S551owbenyI)Bteaiio- acid, preparation of, 475 
"'J(^~Cnlcirof>keny]) aulftde, preparation ol, 165 
“"JJlOTo-O-phenylUiiaiithrene, preparation of 
166 

Clilorophenyl toluate, preparation of 252 
I nlorophenvl valerate, reairangemml of, 7W 
orovho^hinea, aromatic, preparation of 16H 
i^morophthalic i^ydrlde, reaction with biomo- 
gnd fdiloronaphthalene. 644 
"f^r- bvdnngmaphihalie anhydride. 644 
1^ niompicnn, Teaotioii with aromatic hvdrocai- 
and phend, 10, 167, IW 

^Ky!?**lS* ***®^*w» ^**1* ehlorohydroxv - 

J?[”P>^ioiianiUtle, ring oloaure of 418 
'j;j"2jjj®*^7op*onyl)acenaphtheno, preparation 

^p|^"^^**Opropion3ri)aiyl amidea, ring doeure 
- 

- rJ2SV***^**^\-®***®*^' propaiatipo ol, 

*.th .-d,.«o. 

1.6.11 

-ethyU*,. 


from ^-chloropriipii)- 
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C^oropropionyl chloride, reaction with naphtha- 

— — phenol, 358 

— — piDpylene, 760 

— toluene, 228 

^ rati'oii^"^ V* 'aS ' 

^■J-^o'0"i“Pfopionyl-l-iiaphthol, preparation of, 
preparation of, 7M 

IM ,N - Ol Bip-Chloropropionyl ) -v-phenylenp- 
duunine, ring closure of, 417 
^“Clijoropropiophenone, preparation of, 220, 755 
p-Chluropropiophenone, from propionyl chloride 
and rUforobonzeue, 215 

Pnvaration of, 430 
rpaotiun with m-xylenc, 113 
y Chloropropyl pheiivl ether, reaction with ben- 
Bcne, 143 

('hioroprupyl propenvl ketone, preparation of, 750 
f hlfiro]>seudDCumylpho8pbuie, prepsration of, 16D 
( lilfiiopvrazolpH. acylation of, 322 
3-C'lili>rDp> rene, reaction with N-methyleaibaniy I 
Lhlonde, 300 

C'hluiuquinazoline, reaction with bencene, 161 

— a-naphtliol, 162 

C’lilororeeacetophenone, methyl ether of, prepa- 
ration of, 321 

ClilororeHorcuiol reaction with hydrogen ovaniile, 
605 

Chlororesorcinol dimethyl ether, reaction with 
cblnroaLetyl chlonde, 321 
o-ChlorMelrnubeiiioyl rhlonde, reaction with 
benzene or toluene, 270, 440, 452 
rhlurostvreiie, formation of 400 
riiloroUTiphthaloyl dichlonde, preparation of, 

014 

ChlniolilrubroinophenDl, reaction with benzene, 

604 

1 rhlDrr)-l,l,2,2-tetraphBnylethBne, preparation 
of, 147 

(^hlorothienylphosphme preparation of, 102 
C hlorothiuncetic acid, preparation of, 700 
Clilorothioplienea, acylation of, 873 
Clilorololunnes, preparatiDn of, 018 
— , rrarraiigempnt of 688 
., reertion with acetyl chloride, 223 

— — bensoyl chloride, 225 

~ , — fiTt-butyl elcohol, 623 
— , — chloTobenzovl chloride, 226 
_ — fumaiyl chloride, 242 
^ nxahl chloride, 235 
— , - phosphorus Inchlonde, 168 
— phthalio anhyiinde, 505 
Chlorotoiuyl chlonde, reaction with ben/raw, 

2-Chloro-p-tolvl acetate reaction with p-tohl 
bmisnate, 807, 708 

B-Chloro-p-tolyl bensoale, reaction with 2-Boet- 
oxvme^itMene, ^08 
— ^ ^ 2-hydrnxYme8ityl acetate, OBO 

— — mreitvl bensoate, 897 

8 -Chloro-o-tolyl chloroaoetate, TParrongemenl of, 
707 

f'hlorolohlphrtiphinB preparatmn of, 169 
rhlurulolyUaleni: acid, intermediate, 138 
Chi niotrin sine reaction with o-naphUioi I*' 
ndorotnethylmethene, reaction wiUi benzene 1»7 
f'hlorotnmrilitic anhydride, reacUon witli aro- 
matic compounda, 568 

rhloTotnpbenylmethane, complex with aluminum 
chloride, 40 
formation of, 118 
pieparation of 114, 116, 127 
renetnm with dlphen^laml^p, 105 
Chluiotnpropylmpthane, reacUon with bcnswie, 

rhufrotritolvlnirthnne, preparation of, 118 
5 Chlor6-7-valerolactone, rwction ailJi benzene, 

138 

- toUienr, 138 * „ ww 

frwtB-thlorovimnnmine, preparation nf, 7ffi 
tnafriilorovinyUareine, reaction with benrene, 172 
KV'oUoniviiyDahloromiD*. piwmtioD of, 

TO 
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r/9-CIUorovjiiy|)difllilGro«nim, prqiaratioii of» 

782 

— , reMlion with banaana* 172 
(^-C8ilcMrovinyl)diph«iiyUraiii«, preparation of, 
m, 412 

Chlorovinyl heptadeoyl ketone, preparation of, 
781 

Ohiorovmyl iaobutyl ketane. preparation of, 721 
hii(/l-Cbloroivinyl)inetliyU]iine, preparaiioo of, 

7W 

O- Chlorovinyl Imetbyliihloroaiaine, preparation 
of, 784 

Chlorovinyl methyl ketonae, preparation of, 762* 

n 

0>Cblorovinyl)pheiiylohJDroar8ine, preparation 
of, 172, 488 

hi«(P-Chloroviiiyl)pbeDyUrBnie, preparation of, 
172, 429 

Chlorovmyl phenyl ketone, preparation of, 721 
Chlorowu, reootion with pheaole, 840 
Chlorosenyl hcptadeeyl ketone, 882 
rhloroxylylplioephine. preparation of, 122 
Choleeteirol, reaetum with aootyl ehloride, 720 
— , — aluminum elilonrir, 782 
Chroman, reaction with beniovi chloride, 377 
rhromanoneB, preparation of, 328, 410, 424 43ft 
Chramje ehlonde, eomplraen with Bluminum 
chloride, 42 

Chromyl ehiorida, aolvent for aluminum rhioride. 
20 

dirvaene, olklylation of, 107 

reartioo with oluminuni rhloridr. 642, 721 
, *— benioyl ehloride, 224 
cyanurie hslidee, 121 
-- phthelie anhydride, 224 
flureinio anhydride, 227 
Chrteenedicarboxamidr, prnpnrati<in of 301 
rhiyeeno^dpropionio arid, preparntinn of, 287 
rniryaui dimethyl ether, cleav nffr ot 73Q 
Cin^omeroaio anhydride, reartion aith benaene, 
lene, 270 

Cinnonmldehyde, advent for aluminum chloride 
22 


Ginnamie ooid, reaetlon with anthracene. 470 

— btfuene, 402, 171 

Cinnamoyl ehlmide, reaciicm with nnuiolr, 302 
— . - benaene, 248, 488 

- beneoylpyrcne, 223 

— , biphen^, 283 

bimobeoeene, 242 
— , — o-ereeol. 854 

diphenyl ether, 348, 482 
^ a-etboayiiaphthalene, 841 

hydroquinoiie dlethvl ether and hydroqui- 
none aimetnri ethtf . 322 
yhydronmnone 


^ hydroiyhydronmnone trmu-thvl ether, 834 
maritylene, 248 
— , — phenride, 807 
•*, ^ phlimwliieiiiol. 120, 827, 430, 444 
^ pyrene, 282 
— , — reooreind. 827 
— , reaofdnal diethyl ether. 824 

^ laeoretnol dimauiyl ether, 324 
— , ^ tdtiene, 848 
— , — p-^tdyl methyl ether, 808 

I 424 

OimaanioylnimHylone, preparation of, 242 
Cinmwioyliiaphtaialene, cyelieatinn of. 493 
dnoamosHIpbenetde. preparation of, 807 
Ctnnamosdpyreoe, preparation of, 2M 
Cfinnomylldeiianihroiii, Toactkii with aluminum 


OHMagm^l^nd^,^jBaoihNi with beniene, 283 

C^ioaeoa^ ralorido,’ reaetion with bromohenienr, 

848 

Cbal lar dbtillata, pdyiwrieatioii of. 812 
Copt tar ofli, rofinfaic. 882 
ddhall oiMda, catalm, 8 
^ mimmy reUtionalib of nolntkm of, 87 

■■ ■ '•'oTs.ir ... „ 


Complea sompounda of aluminum cUoride mth 
oraonio oompouodi, 48^24, 87, 28 
Cunauetivity ehangea ia alumiautii ddorlde solu- 
tiona, 82-82 

Oooduetivity, of aluminum ehloride aad ite eolu- 
tiona, 21ff. 

— , of alummum chloride adutione, 801f. 

of halidea, parJodiG arraanmeat of, 82 
—t atudiee on aluminum halioe adutinna, 103 
study of aluminum ofalonde oomplev». 28, dh 
CV ipper uhloride. oatalyit, 127 
Coiionaeed oil, eraeking of, 781 
OiUDiarmn, reaetion with benaoyl ehlonde, 377 
Coumaranonea, proparation of, 821, 434 
CoumariJio aoid, reaetion with bensenp, 477 406 
Ooumarllyl ehlonde, reaction with oniaole, 306 
-> benaene, 482 
— , — veratrde, 818 

Ooumonn, reaction with benaene, 482 
Coumanna, preparatiatt of, 078, 280 
— , liyiiroay aubitiluted, preparation uf, 680 
Couroarone, onlatinn of, 8, 877 
, pohiurrization of, 8, 877 , 813 
Crraolplithalrin dimemyl cUiera, preparatiun uf, 
422 

Crtwola, alkvlatinii nf, 180. 182 
, prrparatLon of, 722 

- , reaction witli aDel>l chloride, 353 
— . — alkylnialrmvl chiimdoa, 440 

- , - alummum rhlondr, 040 

- , - benioauinone, 222 

- — benzyl alcohol, 229 
— rarbon dioxido, 808 

- , carbon tetrachlonrle, IBS, 615 


— , — eionamoyl cliloride, 824 
— , — dichloropbtbalie anhydntlra 212 

— dimethosyphtholic nnb\ tliirii'^t 552 
, dmilruphthnlir anlivdride, 221 

— hydrogen eyanide, 008 

— , >• hydrov 3 rphthalio 'anhulrulp, 228 
^ isopropyl alcohol, 222 
, — isopropyl ehlonde, 181 
— , ~ lacpronylmalonyl ehloride, 437 
*, — naphtlialcnetlicarboxylic onhvdnrh^ 560 
— , • nitroptatiialio anhydrides, 621, 520 

— phenvlaoetvl ehlonde, 823 
, — phrei}'! iaotliior^'anate, 320 

- , — pbihaJio anhydride, 581, 282 
, — eueoinio onhydridee, 287 
, tctroehlorophthalio anhydride, 548 

— l,l,4,4-tetniphflnvlbutAne-1.4>dio1, 632 

— trichloroocetofutrile, 205 

— , — sine evonide, 802 , .m 

Cresoremd, reaction with hydrogen cvaniiip. 6ni 
CTivioreuiol dimethyl e^er, reaction with hvilro 
m uyMide, 206 

P'Creootie oeid, preparation of, 8W 
Oneol ethyl ethere Cere ethyl tolyl ethpi*) 
Gresol methyl ethere (wo methyl Idvl 
p-Creayl o-propenyl ketone, prcpniatinn oi 
Oreayl vinvi ketone, preparation of, 701 
Cf^onaldeby^. eolvent for Bluminuin clilornif 

Crotooic acW, reoeiion with benacnc, 468 472 
— - - tduene, 429 . , 

nrotoDophnoone, preparation of, Zla 
S-CrotonvlaeoDaphtbene, preparatmn of 
Crotonyl ehloride. toacUon with aoensplitli'ix 


— benaene. 811 

— ehlorobeowne, 444 ^ 

m-dienlordveiiaene, 

— propylan^ 758 

toluflii0A 81,3 

^xyuSS: l». 02. 04 435 444, 

— ayin-fii«xylw> methyl other, aw. ««« 

nemodimiee, preparetlon of, 287 

of irKh riurotaiim BhlwMlf. 3” 
nm. Jlianinun, olmjtooai dilorKii*, 
iloride eomplix nf. O 
dhnelbyleaMie from*, <28 
NMUon wHh •htetWo, «» 

Moetiuiiri ebloriQe. 220 
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Oiim — *1 nMtMB with ttahoa monoxide, IHM 
^IWO»bonifl trwhloride, IN 
— ^ — phttwlie eahythride, Hi 
I; * iSfur dioxidn, WO 
C umeneiuifiuo eoid, prepention of, BOO 
Cunimol, prmntion of, 500 
Oumylchlorophoepbiiie, prepnratioii of, 170 
Cuprwio, prepMtion of, 406 
Cuprio rblonde, viscosity relatioiuhip uf solution 

Cuprous ohlorlds, ss x catslyst, 157, 500 
complsxsB with aluminum ohlurnle 44-45 
Cuprous iodide, ostolyst, 157 
( vttiuitM, ssylatuMi with, 148 

reliction with uroniAtio hydrocarbons, 506 
( Mijiio acid, reuetion with aoenupliihcne, 801 
, -, anlBoie; 848 

— arooiatio hydrocarbons, 261 506 
, * naphthalene, 101 

— naphthyl vit^l ether, 849 

— phenstolB, 848 

3 C vaooacenaphthene, preparation of 140 
lC>HnDaoetyl)iiceoapbtlieno, prepaiation of, 802 
icairanennent to unum ketone, 507 
( \aiioscet>l chloride, resrtion with aceneph- 
thone, M2, W7 

— iUL*ib>inaphthalane, 802 
toluene, 261, 262 

(Cyanoaoetyl)-l-metbylnBphtlinli ne preparatum 
of, 302 

(P C>BnDethyl)toluene p-suironutL, iiurtion wilh 
benaene, 680 

1 Cv snofluorsne. preparation of, 637 
CvBuoformanflide, reaction with oiuiiiiniim chio 
lids W 

C > anagm, reaction with bcnsene, 504 
(vuiiugen bromide, reaotiuii aitli iiinH<il( 141 
-, aromatic compounds, 190 190 

— - nioniatic hydrocnrbuns, 14H 9 

— - beniene, 149 

— phenol ethers, 100 

— thiophene, IN 

Cyanogen chloride formation of 150 

— rvauuryl chloride as a puUmciii form of 
151, 162 

Cyanogen halides, arvl substitution in 14H 
halogwiation agents, 148 
— pc^ymenc, 151, 162 

" , reactian with aromatic oompouliil** H8IT 

— m-mcthyUtert«but)lb(rispnr llM 
-- naphthalene 149 

— phenol ethers, 149 
thluphme, 149 

- rplebvs reactivity, 150 

C vauothiopheoe, preparation of 149 
y l.^Bnc^altfolaetone, reaction \m11i bin/Piii, 495 
CVanunrl halidea, formation of 785 
reaction with ami me, 152 

— aromatic compounds, 148ff , ISl 162 
“ - bensene, 151 

- ~ o-naphthol, 185 

^ phenol etlicrs 152 
oblonde (alkvl or anl ikub titutid) n 
fWK** a-naphthol, 152 

ChSfSf*®®' iPWration of 149 151 

hUphhtio hylllocnlbnIl^ 792 

reaction with Innsoin* 624 
CvSuhSy^*^*^"^^****^** pitpHinlion of 625 
76U ***®i*Oh "With nliiminiiin [lilninl 

^"hcxadimie end peatene<^2 pohiiuTisation «f 

- “"mrtlSSiS' ”* 

~ eWontle 17, r« 7*0 

— oliittlnwa atAiHld., n, 7*0, 700, m 


Cyilulicxuie, roution mth bouoyl ohloride, 7*0, 
791 

— rarbamyl ohlondo, 751 
carbon monoxiilp, 7b6 

- utJi>lLAe, 742 
(thylone oxidi 770 

, olphn oxides 769 

j oil fins, 742 

- phosgene, 765 

, trioxymett*} leoe, 643 
C ytliilaxanetarbDxyljl chlondp reaLtion with 
ivdupLntene, 76U 

C \ LlnlipxaiiedinrLlic anhvilndc, nacliuu aiili 
biiizene and toluene 573 
t vflohcxanul, riaction with binSLiu smi lulupnr 
625 

C \ rluhexanone, reaction with nluiniiiuni ihlmiil 
760 

, duncthylaniline, 634 
C\clnhrx(nr, as iniennediatc, 625 
fuimiitiuii of 625 
pul^imruHliun nf, 790 
, II action with acetyl cliliiuik 757 
- — acct\l ililiride and bLiuiih 605 

— henrini 463 

— biji/o\l chloride, 758 760 

— tut bul 3 l chluride, 87B 
rajiro>l chlunde, 759 760 

— chluroViiii/ino, 466 
ivnidu 465 
isoxalEivI chlnrids, 760 

— lULSltVlCDL, 405 

— oiithvlo rlopentantc iibi xvivl ililiiiiili 7611 
naphthaline 406 

- pnraflin hvdrocaibuns 741 
-- tetralm 466 

t tlu( lu 465 

m x^leni and p xvlenc, 465 
C vclohixene anil lyclohexudum polvmiruatinn 
ol m 

- isnpruip pnKmi nziitiun if hOB 

d -C.> cloliixoneuclic at id rtotlum with bpn/inp 
475 

(>Lluh[\yl ucetati niifiun with bensene, 678 
71 riLluhexylacetophpnonp prip^ration of 678 
t >ili»htx>lbin/eiie, piepui iliun of, 463, 466, 625, 
602 

itaction Mith ben/inc 602 
I \rlolipxvl broniidn, nuituii with m svlene 120 
LvcIohpxyliBibinii!, rtaction v ith bini/ine 624 
4 \tinhpxvl chloride rtucUou with bin/cne and 
illur hydrocaib*nP 128 

- br jmnben/( lie and rhluiribensene, 120 
M>htnt for dijiiimuin chloride 24 

( vrlulipxvlcue 2 i loliixanone, preparation of, 


l^cloliiMl iiubutvl kitune pieparotion of 760 
[.>cloliex\l niethylcyiiopLiilil kilnne preparation 
760 , 

C viluhewlnnphlhalpnt^ piepnialion of, 466 
r>olohnvi phnivl ither rcitLiiin with chlori- 
nated paraflin wax 180 
r\rloliex\lphpn>lnii1)iRiie rrrparatiim of, 025 
r^rlDhpxvitptraliUS pripai ition of, 486 
t Mlnhrxyltoliiiiiih preparnlion of, 465 625 
5 t>clcihpx\l m-x^lLne piipaiation of, 129 
t \ clopuraflini*, funiiatinn ni 824 
reiiitiun with oivl hiliilps 746Jf 
paralhn hydrorarliiiiis, 737, 743 
r ^ till entadicnc, pobmeri/ntion of 794, 786 sli 
R76 

Cvplnprntone preparation of 721 TM, 822 
roiirtion with attivl rhiuridc, 751 
- bensene, 502 

unreactivity with etlit lene, 743 
rvrlopeutanrtrarboxs M thlonde roactinn wnn 
cvdoiintene, 760 

fv rlopintam^acitir anliy dridi reaition witli 
b^rsne, 573 

_ — toluene 573 . , , , 

Krlnpaitanono, renaion witli nlumiimm cWd- 
ride, T*9 

dimetbvlanilini 634 

plopentanotetrah vdniplii imnl lirene pTppareUon 
of, 487 
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M-CydopMtMio-l-totraloBQ, pnpustjon d, 4M 
motkm mth ebloride, 760 

— Motyi ohinnde and Imqtciw, 168 


— banioyi Dhluiidei TAB 

— f — rvbl<dieuiM«urbniyKl ehln'ide, 760 
— , —0 cyolopantaiiMarboKj lyl Ahlorido, 706 
— naphihidme, 460 

— teinlm, 100 

A,6-Cyo]QpenteBo^l,S»b«iiianthrM8ne, prapBration 
of, 866 

CyelopeotylboBMM, preiMration of. 460 
CVfdupstyloarbmoli imciiOD with benieDa, 624 
Cydlopttityl ohlonde, rwMiion with baniaifi, 126 
C^opoityliiaplithaleiiH, propantion of, 126, 466 
Cvolopflotylphnwliaethane, preparation of o 8A 
C/YolopeiityltotraliJia, preparaticm of, 126, 406 
Cyclopropane, reaction with bcMene, 601, 878 
methyleyelohezane, 748 

Qnrnenei, oompleaee with eluminum chloride, 48, 

68 

acylation of, 218 
— , preparation of, 88, 400, 020 

reactioa with aliphatic acid haliden, 216 
— , ~ aluminum chloride, 714, 716 
— , — aroyl ehloridea. 234 
— — beniene, tramifer of alkyl groups, 691 
— , — butyl chloride, 88 
— , — chloral, 146 

— cyanogen hahdea, 146 
— , — eydobcKene, 405 

— diethylmalonyl obloride, 286 440 
— , — dimethylmalonyl chloride, 266, 440 
— , — dtpropylmalonyl chloride, 446 

— , — ethyl ehlaroglyoxylata, 252 
— , — halogenated aliphatic acid chloridpa 262 

— phoephonia trichloride, 168 
— , — phthalio anhvdnde, 684 

— , — ' sulfur dioxide, 204, 606 
— , — trunymethylene, 044 
CSrmeneeulfiiue acid preparation of 606 
Cvmyidimetliylindandione, preparation of 289 

rvmylglvnxylio aoid, preparation of, 252 
Gvmyliaobutyryl chloride, ring cloeuro of, 365, 403 


Dealkylatum, by dcavac^e, 725 
of phenol etnere, 725n 
— , — polsreth^benam. 60 
JTecahyrlivHuithrioeDe, reactino with aluminiiin 
chlonde, 728 

DeoRhydronaphthalene (eee Decalm) 

Deealin, formation of. 722 

— , reaction aith alimnniim chlnridr, ismnerirn- 
tKm of, 722, 700, 824 
— , — amylene, 744 

— plioephiiruB trichlonde, 170 
(iwfie-0-Dc^onecBrboxylatee, reaction wiUi dihv- 
drlephenole to yield ooumarins, 680 
Deeanee, ehlormaticm of, 83 
preparation of 788 

— reaction with alummum ehloridn, 822 
— , — boiiieDa. 800 


iJeeenes, polymeriwtion of. 798 799 
Deoolorkaing, of aoetone oils, 868 
— keroeena. 883 
— , ^ petroleum, 881, 888 
mem, 888 

Decylbensene, preparation of, 462 
Degummtng, of petroleum p^uota 860 
Denydro-a-diphenanthrothiopbene, preparation 
of, 688 

Dehydrogenatinfi, m condenaatume with ml fur, 
883 

of aromatic compounda, 0481V 
^ arOmatir hydroearbona, 718 
to polynuclear products 187 
Demxybeuom, reactioa with aluminum ehloridr 
864 

Peaoxybaneoinearboivlir acid preparalirm of 860 
DeaUliarlwtinn, of benai*ne, UHiiene, and xylene, 
883 

gaaolino, kerneene, and petroleum oils, 881. 


DeeuIfnriiatlDii, of hydroearbona, 8860. 

M, — an lgftf , 881 

Ueeyl ohloride, reaction with beniene, 139 
^ toluene, 189 
UeuteratioDi of aniline, 01 
, — benaene, 01 
— , — phmdl, 01 

Deuterium ohlondc, reaction with benune, 61, 63 
DBUterobemene, mopaiation of, 01, 68 
Dewaxing, of lubricating oila, 882 
Diaoetonylphosphoroui chlaride, preparation of 
784 

DiBBetylacenaphtheno, preparation of, 290, 361 
Diaoetylanthraceoc, preparation of, 865 
Duioetylbiphensrl, preparation of, 280 281 801 
Diacetylcarbaade, preparation of, 660, 072 
o-p'-DiBoatyl-p-craKll, preparation of, 806 653 
Diaeetyldibanio-n-dioxm, preparation of, 878 
Diaeetyldibeniotniophene, preparation of, 370 
Diaretyldirhloroporylenea, pieparation of 292 
DmoetyldihvdroKybBniene, prmaration of 672 
2,0-Diacetyl-B,5-ainieibylphenol, pieparation of 
704 

DiHirtylethoxsbvdroxybenMne, fonnatirm of 72 y 
D ieoeh Iflunrenc, preparation of, 268 
Diacetylhydroxvdihydrophenantlireue, piepai t 
lion of, 363 

DiaoetylliydroxypbananthrBDe, prepBrntion ot 672 
Diacoti Imethylnaphtbaiene. preparation of 274 
Diacetylnaphthola, preparation of, 33B 330 690 
700 

2,6-Diacetyloreinol, preparation of, 706 
Duicetylphmanthrw, preparation of 288 
Diacetylresoroinol methyl ethers, preparation nf 
320 

I)uicetyl-m-x>lene, preparation of, 222 
Duteetyl->l,S,S-xylaid, preparation of 311 
Dialkoxybonraldehydcs preparation nf 604 
fDialkvlamino)befUiophAonee, preparation of 165 
9-(DialkvlaminDphAyl)aondine, preparation 1 1 
197 

6ts<Dialk>lBmlno)phmylidvcolie acid eeterh 
preparation of 674 

DialkylamliiiBH, rcactimi aith benraniliiluniilo 
rhloTide. 154, 166 
— , — O-chloroacridine, 166 
— trioiylmethyl halidee 160 
Diamldee, preparation of, 761 
DiamvIbcAiene, preparation of, 81 
Diamylene, reaction with beniene. 461 
2,2'>Duin]ioylbiphBnyl, preparation of, 305 
Dianianylbutane, preparation of, 664 
DianiBO I ethylene, preparation of, 304 
Dianieoylpropane, preparation of, 304 
Diamsyl (see under Methoxyphenyl-) 
Dianthrecenediehlornethylene, preparation nf ho 
D ianthraquinon\laminea, ring rlosuro of 057 
Diaranium holidee, aiyl lubetitution in HN 
m Friodri-Crafta reaotiope, 165 
Dihennlacetonei, reaction with beniene 485 
Dibeniamidee, preparation of, 381, 761 
OibeniBiDidodlBnthraquinonylamtnes, mix rlo^^un 
of, 667 

Dibwanthraoene, preparation of, 116 
Dibenianthradiquiiione, preparation nf 561 
Dibenunthronee, prroaration of. 410, OM 
— , reaction with phtbalic anhydride. 084 
— . — sulfur ohloride, 165 
Pibenumthronf denyatiVM, reection ^fh i- 
phlcroantliraqijinooe^S-earbnxvUl ehlondc 
Dibmioatee, intermediatee, 133 
Dibeniodioiia, reaction with acyl halides 376 

phtbalic anhydride, 548 . , r 

Dd^maodioxyanoylbcnaoie acid preparilun 

Dtbmiofiiran, acylation of, 878 

- , reaction with carbmnyl chloride, 378 
— , ehloronated parafRn l86, 303 

•<-, *- diehloTomethylheiBne, W 

- , — phtbalic aal^diide, 648 .mi 

DiheniofuraadiaarbcKamide, preparation m , 
Dibeniofuryl beptadeoyl ketooe, prepsmtinn 

Pibrneohydrylthiophonef preparation uf 
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l>A«oioO0-keto-8-liyclropyTene^ praparatioii of, 

A,8,B,P-DilMiiio-lD-keto-3-hydropyraief pnpAra- 
tmn of 051 

DfbauqpeiyleM, preparmtion of, IBS, 188, 580, 448 
DibflttMpyrui, tomUoii with beuoyl ohlonde, 878 
Dibaovopynuitbronea, preparation of, 05fl 
l,X.8,4-Dibeiiiopyreno, preparation of, 0U 
Dlbem^renequmonee, preparation of, 862. 863. 
6^8, 6w8, 654 

Dibenaothenoylbenioie amd, preparation of. 541 
Dibenaothenwlpropionlo acid, prepaiation of, 580 
Dihensothlophene, preparation of, 665 
— , reaotian with aoetyl chloride, 875 
^ phthalic anhydride, 541 
— , — eucoinic anhydride, 501 
Dibeniothiophenone, preparation of, 648 
Dibenaoylaoenaphthene, pteparation nf 861 
DibenCoylbenaoic aoide, preparation of 566 
Dibenioylbinaphth}!, rine eloaurr of, 654 

— preparation of, 242, 254 
Dibenaijylbiphcuyl, preparation of, 2B3 
DibenBoylbulane, preparation of, 287, 584 
Dibenioylcarbaiole, preparation of 881 673 
Dibeneoylchryeenee, preparation of, 284 
Dibenzoyldibromoethylene, preparation of 244 
Dibeneoylilibronioperylpne, preparation of 208 
Dlbes»o>ldiDhloroduneth>lnaphthBlenee prepara- 
tion of, 278 

Dibcnroyldichloroperjlene, pieparation of 208 
Tlibnuoyldimethylnaphthalene pieparation of, 

278 

Dibnuoyldurene, preparation of 8, 224 
Dibpniovlonepvndtne, preparation of, 415 422 
1 2-Dibi3nro\iethane, preparation of, 286 
Dibenioylethylene, preparation of 242 
Dibmao^lfluorene, preparation of 288 861 
DjlNfflsoylhydroquinone, preparation nf 253 355 
Difaenxmlfaydroquinune dibeiiroate preparation 

Diheneoylieophthalic acid preparation of 568 
]Jib«iiBo}lnaphthalene pieparation of 277 801 
— , reaction with alummuiii oliloride 012 0M 

— — chlorine, 612 

Dib«nsoylnitro-m •xylene, pieparation of 256 
Dibenroyiootane, preparmtinn of 584 
Dibentoyl peroxide, reaction with aromatic oom- 
pounda, 510 
- benaene. 510 

Dibenaoylparylaia preparation of, 292 
~ reaction with aluminum chloride, 658 
“ — bcnaoy] chloride, 803 
Dibenaoylphcnanthrene, preparation nf, 280 
lJibenio>lpyrene8, prepaiation of, 241, iOl 
- reaction with alummum chloride 048 
nij^soylpvridmea, preparation of 203 
Oibenaoylqumone, formation of, 577 
liibenaoylterephthalip acid, preparation of, 608 
Dibmzoylzylcne, preparation of 288, 801 
a a-Dibmajlacetophenone, preparation of 180 
DibenaylbcnaeneB, preparation of, 120, 024, 042 
085 

l.^^fl^ibenaylbeniophonone, preparation of HO 
jJibenaylchlorophoaphlne, preparation of, 170 
nibensylrrcMoli preparaiioD o? 629 
i;*Jra*vlmethana, preparatinn of, 116 
tonromoBcetaldfllivde, rcactiona with aromatic 

ii'n!!. 

** t^ibr^oanthraquinone, complex aith alumi- 
_ num cldoride, 51 

“‘hromobenaeiic, fonnation of. 150, 002 
ranotion with acid halides, 227 
“ benrovi idilonde, 227 
_ rarbon tetraeblonde, 177 
r* ' '•Mwoforni, 115, 176 
jnjthvl ohlonde, M 
riiK. ^ '*V*®rainophthilio anhydride, 548 
. ."'pniobenMhsiiimes, preparation of, 177, 233 
ehloride (see bn- 

^(nnobettBcyl QUorideB, reaotion with beniene, 


a,^-Dibromobutync acid, reaction with beneena, 

187 

a,d-Dibromobutyryl chloride, reaction with ben- 
sene 229 

IfO-Dibromo-o-rreeol, formation of, 694 
Dibromocydohexane, reaction with bensene, 126, 
477 

DibromD[(diBlkylamino)beneoyl]beneoiO acids, 
preparation of, 546 

Dibromodicfaloro-p-creBol, preparation of, 615 
Dibromodichloro-p-creBol carbonate, preparation 
of. 615 

Dibronioflicliloroothone, preparation of 778 
Dibromodiohlcirophenol, formation of, 694 
B,10-Dibromo-8,10-dihydrophenanthrene, prepa- 
ration of, 03 

Dibromodimesitoylethylene, preparatum of, 946 
fym-DibromoditoLylmcthane, preparation of, 118 

1 2-DibromDcthane (see Ethylene dibromide) 
Dihroinoethylbenzene, reaction with bensene, 420, 

441 

DibromoetliylenB, imsym-diphenylethylene from, 
121 

Dibrnmofuninryl chloride, reaction with aluminum 
chloride, 781 

— , — bromobenzene, 243 

— — mpBitvlenp, 243 

DibromohydrQxybonrophBnona, preparation of, 

251 

Dibromoh> droxybenzyl bromide, reaction with 
bensLne. 884 , 695 

aya-Dibromoiaovaleroyl chloride, reaction willi 
benrene 22B 

Dibiomunialeic anhydride, reaction with bRnrone, 
583 

— , — meeitvliDB, 588 

DlbrDmI>lnef(lto^ locrylyl chloride, reaotion with 
meBit\lenp 245 

Dibromomi thane, reaction with meeitjlene, 110 
197 

— pseudooumene, 110 

DibromonaphthalBDe haloxen misjatiun in 693 
— , reaction witli aoet)! chloride 668 
Dibromonitrobenrophenone, preparation of 256 
DibromopeiilaoenBdiqumone, prepEuwtion of. 560 
DibromoperylenL reaction with benioyl chloride 
803 

Dibromoplunolplithalem. dimetliyl ether of. 
preparation of, 315 

Dibromoplienylpropionyl chloride, reaction with 
b^rene, 248, 443 

Dibromophihalic anhydnde, reaction with di- 
ethj lanilme, 548 

— — dimethvlaiuline 546 
Dibroinnpropanp rraotion with benzene 113 

a fi-Dibromnprnpionyl chloride, reaction with 
bitunobraizene, 230 

Dibromosahc^lyl ohioriile, reaction with benzene 
361 

Dibi omcMUDOimo anhydride, reaction with ben- 
zene, 592 

Dibromotlucnyl methyl ketone, preparation of, 
873 

Pibroninthioflunran preparation ef, 870, 451 
Ibhromothiophene, reaction with acetyl chlundc 
878 ^ ^ 

y-B-Dibromovaleric acid, reaction with benzene 

188 

Dibromo o-z>lene, reaction with methyl olilo- 
ririe 175 

Dibutylbenrenes, preparation of, 8l 82, 186 401 
400 714IT , ' 

1 paction with aluminum chloride, 710 

— — bimzenp 691 

— terf-butvl cliloride, 102 
Dibntvldrahlorodipbenvl ethers, preparation of, 

IBS 

Ih-RFC-liuUldiphenvl ethers, preparation nf, 188 
Di-f(rf-but\lnaplithalenD, preparation of 108 
106 

2 4-Di-(crf-butvlphenol, preparation and de- 

aHolalion of, llW - 

Dibutvlrenoreinnl butyl ether preparation of, 178 
Cerf-Dibutylreeoroinol, preparatton of, 178 
Dibutjd eidfate, reaction with bensene, 081 
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DibufcyltQlMiiH, of, Sf, 719 D 

Dibul^ldicdiloroporylne, proporatian of, 309 
Dibutmloaphtliolt prmration of, 706 
5-(S,5-DiaMboBy-4-liycirai^bauoyl)Bi3eiiAph- 

UlBOAft DffIDAftttlOD Osh ■07 

DicblqroMoiyl ebloridi, pMAretion of, 781 !>: 

— , roMtioB with bcmmo, &8. 220 il 

a-Mphthyl moChyl ether, 869 
' — pheiMtiile, 807 l>i 

(PichlorooBglgl) g-nophthyl methyl oUiei', piuirn- Ui 
ration of, SM 

(Djahloroaediyl)pbaii«tal«, praparation of, 807 — 

o.0-DidiloroMrw Ohlonde, loniiation of, 7B1 
IJifhtoronnthrnoinm, mnotion with aciylio acul, ^ 

470 - 

— , — maieio ubydrlde, 181 — , 

— , OKalyl nhloiidB, 1M — i 

Diehl oronnthnaninopm, preparatian of, 688 
Diehl rtm^wthniUMiniiii—HifniiKs aoid, prepamtioii Di 

of, 658 Dj 

Diahloroanthnine, reaction with benirae, 188 — , 

p-(Di€hlonMnino)bflnMyl ofaloride, reaction with — , 
beoMiia, 960 

— phonyl ethen, 870 i 

6,8-Dichloro-l,9-baiaanthraqumone, preparation Di 

of. 040 

DiclilorobeQMMB, dilorination of. 611 Dj 

- , in eynthario of k«to-acida, uee m eulvcnt. B20 i 

- , prn>Braticni of, 610 Di 

, miotJOD with ooid halldai, 220 Ih 

- , ^ benioic acid, 684 Ih 

, — carbon tetrachloride, 177, 178, 432, 442 I 

- , — ohlorofonn, 115. 176 Di 

, — crotonyl chlorida, 444 

, — dichloTOphthalic anhydride, 546 i)j 

, — h) (lrox 3 ^Tunellitic anhydride, 568 1 

, — methyl chloride, 174, 692 (3, 

- phthalic anhydride, 080, 528 < ] 

j - Mulfophthalio anhydndu, 658 Di 

, - teraphthaliD acid, 684 ' 

— , — tetmbrocnophfcbalu: anhvdiide and tetra- — , 

ehloruphthalio anhytiride, 648 Di 

cfp-p'-DichUvobeiiiQhydryOpiiiacolone, prepara- Di 

turn of, 140, 485 

reaction with beniene, 140 Di 

niehlcirobenaophenonee, preparatuin of, 176, 281, Di 

0B4 ““i 

4 4'-Diehlorobenioph«none chloride bis- Dj 

(Cli]orophenyl)djchlorcnnetliBiii>1 i 

Dirhlorobouoylbeiisoio acula, jni'PHrntion of, 520, — , 

628. 644 

Dicliiorobemoy] chloride, fenotJan v^jtU naphtha- — , 

lent, 278 Di 

hiii(Diehlor€>banioyl)iiaphthalQnefl, preparation t 

^f. 278 

1 lichlorobenioylpiopaoe, reaction aith boneimp, Di 

180 i 

3 4-Didhlorobeniyl chloride, reaction aith napli- T)i 

thalene, 126 Di 

3,4-DiehIorobenaylnaplitbalene, pn'pajHiioii of, 1 

120 Di 

Dichloro-p-eraeol, reaction aith hrmnnu' 615 I)i 

DiclilorocyelobJBane, reaotica with benzene, 129. 3,3 

605 Di 

l>ichlorofdkihlorobcnaoyl)b«aoio and, prepara- 2 

thin of, 646 — , 

^^*'^^*^"l^di^dOTophwl)ionthBne, prepiratioD 

DShWo^ooromethana, prepafation of, 778 — , 

DiehtfiroCdimathylbaaaoyDlbeuoio acide, prepara- 
tion Of, 646 — , 

2.6-Djchloro-8,8-dimethylhaiBiie, reartion with 
aromatic hydroearbona, 482 Di 

— , — beoaeaa, 118 — , 

— , ^ dibauofuran, 208 — , 

— pfaCDol and pbencl cthora, 182, 482 Di 

thioercioli, 198 1 

— , thiopbnnolif 198 4,6 

DieklorodiphanylivthaBe, preparation of, 144 l 

nielilorodipheiiylethylene, pivparation of, 146 
DihhlorodiplieDylmethBiie, mtmnediate from ben- Di 

MBO and bnmal chloride, 127 Dj 

=; 

— bonheiie, 114, 128 


DiohlorocUpbenylmethaae, reaotion with naphtlia- 
lone. 411, 448 

- , - 1-naphthol, 188. 448 

— , — phen^ methyl eidBde, 198 
— , — thiophenol eihen. 198 
Dichlorodipropionylperyleiiea, preparation of, 222 
DirlilorodireaoroyletliylMie, preparation of, 147 
DichloroditoluylparylaiMi, praparation of, 293 
Diohloroditolyimetbaiiv. praparation of, 118 
Uirliloroethancs (see aloo Bthylme dicUlonde 
and Et^lidhna ehloride) 
preparation of, 772, 778 

- •, reaction with ohloraic, 774 

— chloroethylcne, 777 

— , — Dhloroblefina, 777 
— , — dibromoethane, 778 
— , naphthalene. 118, 710 

- •. aolvfBt in alkylation, 197 

Diehl oroethylbensene, hsrdrolyaiB of, 733 
Dichloioethylene, reaction with ohlorofonn, 776 
— , — hydrogen chloride, 779 
— , — triohlDroethana, 777 
a,^-Dich)oroethyl ethyl ether, reaction witli ben- 
zene, 148 

Dirhloro-N-ethylindole, reaction with brnzunc, 
161 

Dichlorofluoromethane, reaction with alufiiiiimn 
chloride, 776 

Dielilnroheptano, reaetion with benEcne, 113 
Dirhlorohexatriene, preparation of, 778 
Dirldorohydrin, complex with aluminum chlnuilc 
62 

Dit hlorohydroxybenzophenonc, preparation of, 

2.61 

1 )ichloro(liydro]^m ethyl benzoyl )bpnzoir andz, 
preparation of, 646 

(3,5-Dichloro-4-nydroxyphenyl)phenylmeUianp, 
preparation of, 029 

DichiDromalaio oaid chloride, lannieriialioit nf, 
791 

— . preparation of. 791 

Dirhloromethann (ice Methylene ehloiirle'l 

Dirhloromethylaiame, reaction with ueetylmG, 

7M 

Dieliloromethyl-l-hydrindone, preparation of, 441 
Dichlorometbyloxindole, preparation of, 416 
— , reaction with benzene, 161 
Diohluronaphthalcnea, reaction with benzoyl rlilo- 
rule, 2M 

— , — chlorobcnzoyl Dhlorid^280 
— , napbthoyl chloric^ |80 

— toluyl chlorides, 280 

Dichloro-a-naphthoylbnoiolo acid, picpurahon 
of. 646 

— , ruig doeurc of, 640 

Dichloronaphthoylnaphthalenep preparation of, 
2M 

TliohloronapbtkovIpcrylenBe, preparation of. 
Dichlomnitrnbcnsrtie, reaction with tetrarhloio- 
phthalic anhydride, 649 « 

Dirhloronitrophenol, formation of,, 726 
I)ichloro(nlLrn|ihenv])araine, acylation or, 3B3 
3,3-Diohlorobxiudole> reaction with bMuene. Ibl 
Diehloropcrylimes, reoet'um with aeetvl chlonJi. 
292 

— , — butvl diloride, 202 
— , — benzoyl chloride, 208 , 

— . — p-chlorobcDSovI ohlonde, 203 
— , — p-bromobenzoyl chloride, 298 

— naphthoyl chloridea, 293 

— propionyl chlorida, 292 

— toluyl chloridea. 898 ^ 

Dichlorophenole, alkylation of, 180 
— , TfNiction witn beioyl aloohol, 629 
— , — O-ohlorbbttuyl mloride, 184 

nrenarn- 


DiohloroCp-phenoxyphcnyDphaapbine, prepar . 

tiem of, 17Q. Ill ^ .... - X I 

4,6-Diohloro-i-(phonylamino)-l#8,5-trlazIne, 

preparatian of, 169 , „ 

— . rnaction with naphthol, 907 . ... 

Dtchlorophenylantbronei, preparaU^ of. 

— , prapantion of, ID , ^ 

, reaction with nO^l chloride, 898 
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piWo^iMQylBninB. raftotion with Mefcylene, 

2,6%iohlaniph«iyl b«nvl etber, prepmtion of, 
MO 

DioUorQf>hooy]otbylane, preparation of, 145 
Uiohlorophefiyluieihazie» prepuatum of, lift 
Dichloropbeoyl naphthyl ketone earboxylio noid, 
preparation of, M5 

Diehlorophenyloaindole, preparation of, 418 
Piehlorophthalio anhydridee, reaction with ben- 
KMie, 544 

- , — elilorobenaene, 545 

— chlorofsreeol, 540 
, p-uraeol, 545 

, ^ cree^i methyl ethere, 540 

— diohlorobeniene, 545 
— , — rlietliylandine, MB 

— dimethylanilino, MB 
, — hyilroquukone, MB 

- , naphthalene, 545 
< , — toluene, M4 
~ , — xylonn, 545 

Dirhloropropene, reactiotn with hydrosuii chln- 
lule, 773 

' , — m-zylene, 118 

DichloroquinufUine, reaction with a-naplithul, 
102 

DiclilDToquinixarin, preparation of, 523, 546 
Dichloro^ioylyl chloride, reaction with bensenr, 
251 

1 Mchloroatilbene, reaction with benxenc, 456 
DichloruUiianthrene, reaction witli benzene, IBB 

— phenetole, 160 

Diehloro-potiiluylbeninio acid, pr^parntinn of, 544 
iJicliloroUiluylnaphtholenea, preparation uf. 250 
|9,5>Diehloro-d-tolyLaoetiddeliyde, prupuration 
of. 140 

DichJoratolyljnethane, preparation of, 115 
Uichlorotriaiine, reaction with a-naphthol, 152 
Dicldorotribromophenol, reaction with benzene, 
6M 

Di-O'crceylliyflroqiiuione, preparation of, 662 
iJiryanubinaplithyl, reaction with aluinuiuui ehlo^ 
ride, 656 

DicyanORen, reaction with toluene, 505 
Diryanoperylene, preparation of, 050 
Dicyoiohexyl, fonnation of. 790 , 823 

reaction with aluminum old unde, iHumerizn- 
fion of, 791 

Dio'clohexylbeniene, preparation of. 625, 692 
reaction with beniene, 692 
Dirvclohexyt-m-xylena, preparation of, 129 
niryolitpontadiene. acylation of and polynieriza- 
tiyn of, 811 

l'iM,hox>aoetophenone, preparatiun of, 320 
Diethoxybenzaldohyde, preparation of, 604 
lMpthnx>l)Hizenw (s^ Reeorcinol, pyrocatechol, 
bydroquinoue diethyl ethers) 

M ‘DiethoxylHniKil, preparatum of, 307 
jjinlhnxybmaphthoyl, preparation of, 450 
jJiHhoxybuiaphthyl, preparation of. 658 
jMpthnxyohiloonc, preparation of. 824 
■Jii'i luxypropiophenone, preparation of. 320 
^'^YbylaoenaphthenemdandiODee, prepnration of, 

bipllivlncetophenone, fonnation of, 877 
^^!,'!jJ*''Jacetyl chloride, reaction with pyrazolon«», 

■I So 

||hptlivlBmlnD)benBophMiane, preparation of, 105 
U ipllivlaininobenEOvl)tetraChlorobenzoio acid , 
PTppanitifin of, MO 

propnra- 

id liinf hrone, prepiirM ion 

* ' pi ppar» - 

reaction with authnuiuiuoiir 

- ' Iiy°>f®Pbw»y!anthrone, 190 
■ - d brjimophthallo eahydride, 540 
, iJ ®*j^*wpphthmUc anbydridii, 540 
’ plitliBlic anhydride. 585 


N-DiethylaniUne, reaction with tetraohloro- 
phthelic anhydride, MB 
Diethylanthraoene, preparation of, 431 
Diethyl benienes, preparation of, 51. 88, 89. 289, 
450, 718, 584 

— , reaction with acetyl halide, 220 
— , ^ aroyl ohioridm, 284 


raparation of iBomera, 400 
Diethylbenzophenone, from diethylbonxeno and 
benzoyl chloride. 224 
Dipthylbipheuyl, lonnation of, 019 
Diethyl carbonate, reaction with benzene, 081 
D^rthyldihydroanthraoene, preperation of, 481, 

Diethyldimcthozyindandione, preparation of, 448 
Diethyl dimothylindandiune, preparation of, 446 
DipthyUliphenyl etherz, preparation of, 187 
liipthyldithiuphenoylmethane, preparation of. 373 
Dipthylene glycol, solvent for aluminum chloride. 
24 

Diethyl ether (see Ethyl ether) 
2,2-Dipthyl-l-hydrindoae, preparation of, 809 
DiPthylliydrozybenealdehyde, preparation of, 003 
f )^<diylhy(lroz}'mcthylmdBndionB, preparation of, 

Dy^hyliiidandiones, preparation of, 288, 430, 445, 

l)ipthy]iBobutylphen>'lmethBne, preparation of, 
108 

Diethyl ketone, reaction with dimethylaniline, 634 
Diethylmalonyl chloride, reaction with aoenaph- 
thene, 207, 447 

— anthracene, 857, 447 

— ^benzpiii*, 237, 430 
-- p-cyincne, 299. 440 

, — dimethyl ethylbenzene, 445 

- , — ethvlimphthalene, 440 
— , — etliyltetralin, 274 

livdmriiiinnne dimethyl ether, 325, 448 

- , — mi’thyinaphthalenes, 446 
, — imiihthalnie, 274 , 446 

— , — phenanthreue, 2M, 447 

resoicinnl dimetliyl ether, 448 

- , — rpteiie, 290, 447 
— , — thiophene, 372 
— , — toluene, 445 

- , — p-tolyl methyl ether, 448 

— veratrole. 315, 448 
•“ xylimes, 446 

TbethylmcthylbenzenD, preparation of, 136 , 459 
Dietliyl-niothylcarbinol, reaction with benzene, 
622 

Diethvlnieth^dethylcne, reaction with m-xylene, 
403 

4- 6-Diethyl-2'niethylphenyl acetate, rearrange- 
ment of. 705 

DiethylnietliylphcnylmcthoJifl, preparation of, 107 
Dietlivl-a,^-naphtliindaU[iionc, preparation of, 

446 

Diethylplienantlireiieindandione, preparation of, 
289, 447 

DiPtliylphenDl, preparation of, 6^, .084 
reaction with hydrogen cyanide, 003 
Diethylphsnnx thine, preparation nf, 600 
3,5-Diethvlphenyl acetate, rearrangement of, 704 
a,^-Dietliy1-(l-phenylpropionyl chloride, ring clo- 
sure of, 399 

DietbylphiMiyl-n-propylmethane, preparation of, 
1D8 

5- a,a-Dieibylpropyl-in -xylene, preparation of, 

408 , 

Dietli3’lretpnpindBndioiio, preparation of, 200, 447 
DiHhvlMirniiic anhydridp. reiintion with benzene, 
592 

Diethyl sulfate (see Eiliyl sulfnii-) 
DicthylthiupUctie, reuctioii with areiyl nhUiride, 
374 

Diethyl thicnoylmetliaiie. preparation «if, 373 
lliethyltuluono, preparation nf, 019 
DIethvDo-toluidme, ketone from, 195 
— , reaction with benzanilidimido chloride, IM 
DiptiiyllriniethylbciiBene, maction with acetyl 
haliilea, 280 
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DlethyltriplicHiyl, fonnAtioii of^ 619 
IMhAlogenated bameiMB, MMwtKm with Mid chlo- 
ride, 391 

, — dhlordfomi, ITS 

Uihalofeutod ohryMnM, rtution with alimUmiiii 
ehlondo, in 

Diholc^Huitttd pardUnii in Fri«dttl-Graftfl reao- 
tioii, in 

9,10-DiliydroMithnMQe, prsimtion off 106-1 
— , reMtioD with aoet^l ohlonde, 386 
--f -- aliimiiium dhlondof 790 
— , — benioyl chloride, MT 
DibyxhrobeoMnthrene, neetion with ■luminiim 
ehlfaide. 730 

DUsydroMiene dcrivetive, fonnation of M 
intcnuodiatee, IS 

Dihydr obeneopheBaoihrene-epmieycl oh ezaM, 
preperatutt of, 488 

(DiliydrcMiiiuuunoyllphloroBliioiBol, preparation 
of, 8M 

0,10- Dihj'drodihy drosydiphaoylbeiuaathraGene, 
i^diaation of, Ott 

PihydiwdiiDethylanihraewaB. preparation of, 1)1, 
113. 130, 136, 430, 441. 443, 721 
Oihydro- j6,/2 -aiineui 3 d - 0.10- dimethylan thraeene, 
forniation of, 113, 717 

DibydFOdiphanyltetnmethosyaiklhraoene, prepa- 
ration of, 180 

lhhydfo-4-keto-l-iiiethyl ttnobloromethyDben- 
MO, preparatioo of. 015 
Dihydroketothianaphthene, mparation of. 433 
PlhydTo(fcetoflyelopeQtaiio)pheuathrene, prepa- 
ration of, 403, in 

0, lO-Dihydro-9 -methylphenanthrena - 10- carboz - 
ylie acid, preparatum of, 188 
Dihydronaphthalene. fonnation of, 834 
Dih^rophenaione, preparation of, Ml, 411 
7,8-Dihydrophaialyl-7-apiFoeyolohexane, pn^para- 
tion of, 487 

Dihydropbrnanthrene, raaetton with auccimc an- 
hydride. 580 

(DlhydroplimiuithroyOpropiQDii} acid, prepara- 
tion of, 580 

7-j[3-C040-Pd»ydrophenanthryl)1butyryl chloride, 

^-f3-(0,10-Dihydrophenantbry1)]propiooyl chlo- 
ride, rini eloiure of. 406 
3,4-Ddiydro-l-phaietoylphenBntlirenc, reaction 
with alimiinuin Ghlorae, 731 
DihydroquiiiiHirm. nnetion with anthraquuune- 


dkaih^Iie anhydride, 668 
— naphthalenediaai' 


anhydride, 560 


390 


ioarbmltc 

Dibydroreteoe, reneiion with aeetyl ohlorida, 
8,4^hyd^ 1 - (jl-3'-Uilyl eth^ Ipheoanthrene, 
reaotion wMi aluminum ohloride, 791 
P^dnnryBMyipheiiooeB, preparation of, 390, 831, 

reaction with ethyl aoetoaoetate. 070, 080 
— , amo cyanide aod hydrogen cblonde, 009 

DihydroxyanthraquinonedleaihaxyliQ anhydride, 
reaction with beuene, 568 
^ chlorobenaena, 568 
— toluene. 568 

DjjyydtOTynathimqttinoneialfonie aoid, preparation 

l>ihydra)iybeniBildetiyde. preparation of, 601 
llihydfwbmnnthrnqiiiminee, preparation of, 
580, 583, 860 

PihydroiybeftaMthroDe, preparation of, 660, 654 
Plhydmaybeniil, reaction with aluminum ohlo- 
ride. 654 

Dihydcoaybeneopheiione, preparation of, 865, SOfl, 

— . reaetion with ethyl aoeCoaeetate, 670, 680 
PibydroxyhcnnoylanthiaquiniAiecarbosylie add, 
prmmitoD of, 508 

' droxybenaoylbeiufde add, preparation of, 


Pjhydmybenaoylfuraup preparation nf, 858 
0ihydroaylMi8i)yl)inotfaylbefi^ add, prcimra- 

Pi h yOTMyphewtyife — hUf pmpnntkia or, 154 


3,8-D^ydroxyphanyl ethyl ketone, preparatiuu 
of. 705 

3,^Dibydrag^hanyl n-haptyl ketone, prcpam- 

3,8^-DUgrdrwphenyl iaoeinyl ketone, prcparaiiiin 

24-bi^droiyphenyl iaobutyl ketone, preparatum 
of, 705 

Pihydroiypheiurl naphthyl ketone, rmotion witli 
aluminum cblonde. 054 
(3,4- Dihy droayphenyl )phanylethaiie, reaction 
with diphenylethyl eelers, 707 
Pihydnizyphenyt phenyletliyl ketone, prcparatmn 
of, 357 

(2,^4 - Pih^drmyphenyPphcnylmethanc, prcpara- 

— reaotion wiili diphenylmethyl eaten, 707 
(3,4- Dihy droxjrahenyDphenylpropane, reaction 
with diphenylpropyl eater, 707 
Dihvrlroxychalcone, preparatiOD of, 857 
IJihvrlioxydibenaanthraquinone, pieparation nf, 
560 

Dihvdmzydibenaoyliuiphthalene, preparation of 
841. 706 

Pihvdnaydiethylindandione, preparation of, 44R 
Dihydroxydjhydrobniiaathrone, preparation r,f 

054 

Dihydroxv-1 »4-dihvilronaphthacenequinoiic, Frac- 
tion with phtlialie anhydride, 584 
Dihydroxyriimethylanthraqutnonp, preparation of 
556 

Dihydrorydimethylbenzophonone, preparalion nr, 
183 

Dihydrozv(dimethylbenioy1)bensnio and, prrpM- 
ration of, 552 

Dibydroayethyibenioic acid, reaction with cths] 
neetoaretate, 679, 686 

Dihydroxyllavanone, preparaiirm of, 356, 857, 441 
3 4-i)ihvdrDay-l-ieopropyl-6-mtrobenienp, 
nmparalion of, 734 

I>jh\droaymethoayacetophenone, formation of, 

737 ^ ^ , 

]>ili\ilrox>methoa 3 bMiophefione, preparation nt 

883 

Dihvdrnxvtncthozyflavanone, prepaiabon of, 317, 

445 738 

DihvdroiymethylaDthraquinone, prcpBratiim of, 
556 

Dihvdrozvmethylbenianthraquinone, preparation 
uf, 566 

Diliydrnaynaphthaldehydea, preparation of, 003 
bihydroicynaphthiileaai, reaction with hydioKfn 
r>anida, 003 . . 

— , — hydroxytrlmeUitif cnhyrlnde, MB 
— , — napiithalenedioaiboxylic anliydrido, 

, — pbthalie anhydride, 580, 533 
Dlhvdrnxynaphthyl phenyl kr^ne, reartion wiln 
Aliiminuro chloride, 050, 064 
Thhydroaypcryiene, preparation of, 056IT 
Dibydroayperylenequinonej preparaiion nf. os 
Dihydranyplienaiithreneqiunone, preiioration oi. 

DSydrasypfopioiiylphHlHithrane. prqMnlian nf. 

olh^IrMnihMyl •twl krtoof, pri>p»™iinii nf, 

n&drnv^MthylMllinquInoiia, prfp.intinn 

dSaAmimm, tmrtiviiy with •cetyl cUno'l''' 
998 

9-DiMot>m«n*, pr«p«mtioB J» 
biiodabmophoiMMi, Pfl*"**"® “L „ 515 

DISodobwKUflhMWie •»!«. of, 

l^-I>Uodo-»,*-dhMthi«yb«i«w. formBtion 


M 


nt, 251 
anHiii* 


644 

- — becieane, 544 ^ . 

- . — creeot mothyl oft?**, chloride. 
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DiuMinyiatliylvhtag^liiMthBiM, pmwnUon of, lOB 
UiaoaMyll— butylphnylmethiiM, pnpuafaon of, 
IM 

DiisoaiftyliilV^S^PbBnyliiietliw preparatiun of. 
J08 

DuaoAm^lphanyl-n-propyliiieUiane, preparation 

IJiuobu^j xmUoii with alumuum ohlnride, 822 
J)iisobiity1tMn»eM, preparation of, 81, 82 
2 )iiBobtttyleiM, reaction leitlt beniene, 401 
' , - ph*B0l, 

toluene, 461 

. ^ m-xylene, 468 

UiMobutylmvthylpbenylmetliBne. preparatirm of. 
lOS 

Diwopropylbenealdehyde, prepamiion of. 508 
Du^opropylbenaoDM, preparation of. 81, 91. 620 

718 

, ipartion wiih naphthalme, 082 
8 5-l)iieopropyl-l-DMthylbeiuena, preparation of 

719 

DiuKtpropyl eulfate (eee laopropyl sulfate) 
l)ik(.*limideB, preparation of, 508 
Diketodimetliylhexabydrochrysene, preparation 
rif, 408 

DiketohuKahydnibeniophenanthrene, preparation 
Ilf 408 

T)ikeaohnahvdroobryaenF, preparation of, 408 
Dikplonea, preparation of. IM 
liiketouctohvdraphenanthrolineB, prrparation of 
410 

Dikptotetraliydroaeenaphthene, preparation of, 

408 

nilaurnvlcarbasole, preparation of, 801 
Dihientfl, use of, 878 
niniraitoylethylene, prcpamtion uf, 242 
DimMMitxlethane, preparation of, 110 
2 S’fJinieaitvUivdroquuKine, prepiarstion of 001 
Hunenitx Imetliane, preparation of, 110. 127 
I)imfstt\ Ipropane. preparation of 113 
ninipthux>Boenaphtneaeiiuuione, preparation of 
450 

2 0 Dimetkoxyacfiophenone, ol»\ai([e of 727 72h 
Diiiiethoi^vacetiiphenonae, preparation of, 317 320 

320 480. 071 

11uuet]ioxyaiuio>llieiisoie aad, preparatifiii nf 552 
lKiiu*thoxvb«uiudebvdee, preparation nf 004 
lluiipilumbenxenee (snr Renorcinol, hvdroqui- 
mine m pj^oqateehol dimethyl etliera) 

3 4 l)imethi>xvbenjul, raaction with alunauium 
Hiluiiile, 084 

Dmiethoxvhenxonltnle, preparation of 148. 180, 

^*!,^..''fbox>benxopbanoiie, preparation of, 180, 305 
319 828, 128 . f 

^^'”^B^0x>b«axoyl)Berylio aoide, preparation of 
Ii79 • 

***J^**“pfk(iixybonxoyl)biphenyl, preparalum of 

l^uncthnxvbenioyl ehlonde, Teartion with nni- 
^f.lp 308 

^iniM hnx\ benioyl chloride, reaction with phlnro- 
kiiirinvl tnmethvl ether, 886 

pvrnfiailid teime^l ether. 888 
tiworeinol ntanetw ^«r, B85 
. 'iratrols, 118 

^ ajg®* ‘***''*^"Viycouiiiarone, preparation of 
,,“"^{^^*vbeiiaoyj)proptooto acids, prepamtifiii 

ilmll 111:? of. «• 

l«tnui«>lwul«r rondwiM- 

"‘"Iwl't.*'.’”'’!'*?'’''' J****** of, na 

^ bydroaen rvaude, 604 

^'htphniyidialdabyile, preparutioh of, 

{illnll'Cil'*'*''*"*-. WrtoUoii pi. IM. Ml 

DiniHI impmnttion of. SH 

341 '^bbenioyingil^lli^lgg^^ prepnratiun nf 


Diinpthoxy(diinotbozybenxoyl)bensoio aoide, 
preparation of, 882 

Dmethoxydipheuylbydroquinona, preparation of 
001 

DimBthoxvdiphenylurea, reaotion with phthalic 
anhuinde, 538 

^Jjj*®^boxyili-p-tolylplithBlide, preparation of, 

^ ^^biiuthoxyhomogentuiB acid, preparation of 

Diniethoxyhvdroxyaoelophenons, formation of, 

382 727 

Dmethoxyh^ droxybensophenone, preparation of, 
334 

Dimf^thnxvhvdroxyflavone, cleavaae of, 728 
3 6-I)inicthox> -2-(a-hydroxv-6-niethoxybBnso>l)- 
benroic acid, preparation of, 652 
l)iinf>thi)xv(hydroxyuietby]bmieovl)benBoic acids, 
Iirtparatinn of, 552 

I)imethoxy(4-hydrDX> -2-meth\l-5-iutroben8oyl)- 
braroic acid preparation of, 688 
DimctliDxyhydroxvphBnyl duuetUoxyphenyl ks- 
tune preparation of, 833 
DiniPthuryhydroxypropiopliBnone, preparation of 
834 

DinioUinxvuoviolantlirDne, prepcnation of, 650 
654 

llifni lhu\\melh>lDcLtophnione, preparation of 
331 

niniethr)X\nicthylbenraldehydeB, preparatinn of, 
605 

I) iniM;hnx)inrth\lbpn/ophcnDno, preparation nf, 

309 

DniMthoxynaphtholme, Teaetion with benzoyl 
chloride, 341 

nxalyl chlmide 840 450 
— HUcemic anhydride, 580 

I I ) ui)Pth oxiniaphl h oy 1 )propiDniD arid , preparation 
nf 589 

h slDimetlinxy a-napbthyl) ketone, preparation 
of 339 

Diiiiethonpalmitophenone, preparatiiin of, 823, 

328 

Diiurthox\ plimanthrenrquinone preparation of 
654 

hiii(Dmiethox\ phenyl) ketone, preparation ol, 

318 319 323 325 , 330 

l)inu*thox\ phenyl phenoxymethvl krlonr prrpa- 
rntinn of, 324 

(DmiethoxvphenyOsuocinu: anhydride prcpaia- 
liou of 678 

reaction with rcfsoroinol dimethyl rlhir 502 
llimrthnxv phthalic anhydride, reaotion with ani- 
<iolp, 852 

— — benzene 553 

— rn*8ols 552 

— rir^vl methyl ethers, 852 

— nitrocrwol 535 552 

— py roinillol tTimethyl ether, 852 
rpeomnol dimetlivl ether, 558 

— \(ratrolr 552 

— , — D-xvlene, 552 . 

Dunethoxypropionvlbenjenr preparation oi Mj 
Dimpthoxv-n-propvlbeiwpnc, reaction with Hcrtvi 
rhloride 330 i i 

2 O-Dime^oxvtolupnc reaction with pliUialiD an- 
hydride, . 

nimethvlaconaphtheneindnndiouBS, prrparalion 
llimpllfvlacptnphrnniip Ki 

niinsthylueidvicMlnpentanp preparHlioii of. 751 
Dimethvlacrvlip and, formation of, 781 
rnartion with bmaene, 408 
alkyl bporen^ 470 
p-orr^il OK thy 1 ptlirr 483 
hemimpllitenp 470 

- mrtitvlpnp 470 
l>*-i'U(lociimenp 470 

- tnliiriie, 409 

cui.,r..ln. ..-.C.nn vMl. b.n- 
p^rreuol msthvl ether, 312, 444 
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jp.j lunjiiQ)lMiunilddiyd«, fonnAtko of. 

p-^imethylBiiuiio)bauKkie add, pripantioii of, 

(Dma^lu^jbvnophfliifiiie, pnpmUm of. 

[(Dim«thylamiiio)bflBi^l]bei^ Mid, prepara- 
IKHI of, ttS 

bu(Dan 0 thylainiiH))bipbeoyl. reaotifm with ben- 
lal ohlonde, IM 

(l>iuwthylBiDiBQ>iiaphthDTl chloride, reectioo 
with riimethylanilioe, S8S 
4-<Ditnelhvlaiiiiiiio>-4'-iutrcibeiiM)phennne, prepa- 
ration of, 15i. 195 

(Dimrths^ainutohienMthppheDOiie, preparation 
of, S81 

(Dinieth}1amuio)pheii(kI, reaction eitfa nephthalic 
anhy^ide, 561 

bi«rjlDnneth\1aniino)pfiaiyl]anthrtnir, preparation 
of, 062 

bwr(Dimethylamnio)phenyUcyelohexane, prepara- 
tion of, 654 

buirp-(DuuBthvlamino)phenyl1diphenylinethane, 
preparation of. 686 638 
M-bi«[(Dmiethylainino)-6-phenvllfluorene, 

pr^aratioD of, IM 

bit [ ( Dini«*th\ lam ino)phni) l]mcthenc, prcparati on 
of, 506, 684 

E(Duiieihylamino)pheDyl]ru(anthrDl, preparation 
of, 068 

r(Dimethvlamino)phen>l]pbenylantbronc, prefia- 
ratioA of, 106 

[4-(Dimethi lammo^phenyllphcnvloarbind 
preparation of, 688 

(Dunethv]aniino)-N-aulfnehlondp, reaction wilJi 
acetvlaminnbenzneiijfanilide, 871 
Dunethylandme reaction with acelone, 634 

- , — aoetoplienone, 684 

- — aluminum ehlorirle, 656 

- , — anthroqumnne, 681, 663 

— anthraqumonr ehloridi 196 

— , — benunihdimido. chloride of IM, 881 
— , — benid, 683 
— , — bentophenone, 688, 688 
— . — benaoyl chloride. 881 
, — o-bibemoyl 633 

— . — broraobeimnilideimidorhluride, IM 
— , — OBmphur. 684 

“ rarbon dioxide, 506 

- , ^ carbon monoxide, 688 

- , — 8-chloro-l S-bentieoIhuixolr-l-dirfatflr 
< peeudoeaccannic chloride). 166 

— , — chlArophanylanthrone, 141, 190 
— , — cyoloheptanone 684 
-, — cvelobexanone, 684 
— , - evolopentanone 684 
— , - dibrnaaophthalic anhydride, 546 
— , — durhlorophthalic anhydnde, 546 
— , — diethyl ket^. 6M 
— , — dimethyUminonaphthotl chloride, 882 
— , — ei^yl oxahite, 616, 681 
— , ethyl phmi^lyoxylnta, 683 

— , — fluorenone, 638 
— , — a-wdanone, 084 
— , — mdigotm. 618 
watSi. 688 

— , — Movalervnl ehlimdc. 861 

- . — methvl atyryl ketone, 684 
- , — MlehWc ketone. 668 

— , — nitrobentandidimido chloride, 154 

— oenanthvlyl chloride 881 

— , — phenyl naphthyl ketonca, 611 

— phenylpvraaonoeumaraeon, 688 
— . — phenyl atyrvi ketone 684 

— » — phMielir anhydride, 515 
— . - triroelilomphthalir Hiihvdnde 54R 
8 •• (Puneihylaiifliiio) - 1 ,1 -henxwoth laiole- 1 - d nw - 
Id#, preparation of, 106 

It ^ totgvlaniicle, reaetiiMi with dimethyl oh- 

Dhnethylaidiole, naction with trichJoroeoetonl- 
4#de, 506 

OimathytaottraoMai. foriMtion of, 541. 715. 717 


DmcthylaathmceBtiiidandioiift, preparation of, 

Dim^hylaiaOuiram preparahon qf. 415, 430 
Dmcthylbenialdehyde, praparaiion of, 5M, IN 

Dun^ylbenuumde. preparation of, 361 
s,p'-DimBtliylbeiwl, formation of, 566 
Uimethyltaioio aeid, preparation of 834 608 
prwmrafcion of. 324 
^*****"“*“*^^ Prepsra- 

^ preparalmn 

(Dij^Mbenio}d)propionic aoidc, preparation of 

(l>imBth\lhentoil)tetrachlorobenioio acidn 
pieparation oi. 548 

p-(a,a-DuneLhyrbeo«yi)plienu], prepointion of, 
680 

r>unpthvlbicvolD5etane, formation nf, 722 
Dimi^h^lhievclopentyl, funnalion nf 760 823 
Dunethylbiphenyl, reaelion aith oxaUl ohlornlr 
437 , 450 

2 8-Uimethvlbutadiene, polymeriration of, 812 
2 3-Diiiieth\lbutane fnrmHiinn of 719 
l>uni'th\lbuUlcarbinulii, rractinn iiith binniit. 
632 

nimelhvlbutyrophotinnM prepaiatinn of 21 D 
lliirietlivlrhalDooee, preparatnm of MS 
— irnrUon with aluminum chlondr, nna cl isun 
111 402 

Dimethylrhromanonee prcpaiution of, 312 411 

444 

J^iniethilcrotonophmone reartion ailh nluminuni 
rhionde, nne doeiiie of 491 403 
Dimpthilcimiene preparation of, 136 
Dim pt III level obiitane, fornuition of 923 
DiniPlhtlrvpIohRXBiie, preparation of, 742 823 
IhiiiptlivIrvcIrihpXBnBM, reartion with nlummiini 
rlilnrntr 838 

Dunctln IdiliemerKlioxin^ ariktion of 878 
Diriiclhvl-B fo-ililivrlriixyi1iphon>ldikilohixaMi 
prepatulirm of 764 

IbntrthvldinaphUiovliinpbthalrne preporatiim nf 
862 

Duiiptlivldmaphthvl ketoiie, rrection with napli 
thnvl rhlnridp 362 

Djjiieihvldirihim^lenp dioxidec (ace Dhni.th>lili 
Iw'imMiioxinii) 

Diinethvldjpropvlbenipne, formation nf 710 
Dirni thilfliiiirencirirlanriionpK preiiarntion of 447 
DmiHhvIfunmnl chloride reaction with hronifi 
mixnUlene, 248 

Dimethvlfuran, rracLion with beneo^l rhlontit 
876 

Dimpth>1fdiitariC anhydride, reaction with oluiin 
iiiuii chinrule 78L 
, - benrene, 588 

Dmiidhviheptovlphenol, prepuralion of 704 

2.5- ]>unethvl-1.5-hexadiene, reaction with 
phmol, 467 

8.5- l'7inieUii.lhexcne-3,5-dio1, reaction wiJi 

nlicno? 683 . 

8,3-t>unethyl-l-liydniidonc, preparation nf 2 m 

l!>imethvlhvilrimuinoiw, reaction with rilFai<’»" 
anhydride, 666 
, - nuUeie anhydride. 682 
LhinethvlhvdroquinnineraTbinc;^lyl clilondp, n " 
lion With hvqrfxiuinane dimelhvl einpr wii 
DuiiRthvlh> dixixyacetophenonc, fonuation nf B 

Dimethjlhydpoiybmwldehvde, preparatlmi of 

IliniHihvIhyUnixybeneophpnoiip, prppimii*"^' 

704 r 

DimethylhvdmxybutyropheDone, preparabo" 

Dmipthylhydrotyaoumarin. proimraticwi 
IbiiiBfhylhvdroxyithylhydrimlone, prepaid im 

UMM^JSnOVliycbhdtM, pr«IiM»4»n 

Dmati^ydraq^ndtcoc. pwpiwti”" 
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])iinr^tbydiWl»beiiMylQhlo^^ pr^aration 
1 iiiiiVtliyl-3-<p-hydi oiyphenyl)hexaDf h, pn pai a 

tKifl off 

liifiuftby K -p-h\ df nx vphmvUiwiliuty liiioilmiii 
prf^iaratioa off 828 

riuRCtliylhyUroxypriipiophenonp, i»rtpui ttimi i»l 
704 

] )ijn«ihvlhydrox> thwnaphilienv, piiiniiutiiin of, 

424 42fl 

DiuiPtlivbndBiidirMiiWf preparation of 238 446 
UiiuoUiyiiwiiuuyJphebylmethane, prniiurAtiou c f, 
108 

UuuothyliaotmtvIbenMne, reaction vkilh uluminmn 
chloride, 719 

DimothvliMbuOlphpnylroethaiie. pieparation of 
107 

Himcllivluiobiitvrophenonea, preparation of 210 
IMinttlivliMupropjIcaibuidl, reaction Hith l»<n 
/eni 622 

IniiM'tlivluupropvlcoumaranDne. preparation of 
443 

lJuiii‘th\liM>propylliydnndoop, prrpui ition of 
403 

Ihiiieilnlketotetialinf preparation ol 404 407 
Diiiielhylmtilom I chlondt, re.Ktion aitli ai*- 
naphthnie 207, 447 

- aniaole, 448 

— anthmoene, 286, 447 
Ixnuene, 238 443 

- P'cvmene, 239, 446 
fluoiene, 208, 447 

> napliUialene 274 446 
plienanthrme 447 
rreorcinyl diinethvl etiici 44S 
retpne, 447 
iiaatrole, 448 

I l)unclh\lmalnnvl>niinrene, pripamtinn nf 298 
4 4 DimethyUS-methoaibenaopliiMiimp, pil|>hiu 
linn of, 811 

Dimi>thvlinctliox>azufli]orfinoiip, preparalinn of 
122 

]-)iine1htlfinfFfh\lben70\l)lMtti2ojr aoiiJ piepiui 
lion nf SM 

Ihnir th\lnaphfhalenef priparatinn nf 113 641 
reaetioii with arelyl rhlonde 271 
benwivl cldnnilp, 270 
metlnlnaphthovl chloride, 270 

- nnplithovl ohlfwide, 270 
propionvl chloride, 273 

- wtcinic anhydride, 383 
l|infieth>lnBphthararine, prepaiation nf $82 583 
in iriPth\liiiipfathovl)propionic acidx, pri|JuriiLi(iii 

Hi $85 

1 1 JiiinahvlnaphiUyDmethvnbenxovl chlnnde 

ruin eloHure nf, 410 . 

Jhnif llulnaphihyl methylnaphthvl ketone 
P <Taia1ion of, 2Til 

nniiellulnaphthyl naphthyl keinnee, picpamtiitn 
i>l 270 

^JJ)J**‘i*naphthvI phenyl ketone prepamtinn of 

^iinMl)vlnilrobeniefie-4,6-diCBrbnxvl> I ehUn idi 
n^nuinn with honzene. 256 
‘"'•'It' oxmriolea, pieparation of, 418 
^Jinjrth\lpBmiui^ proparation of, 788 
.. ^niroatinn of, tt 

nlUro ^ pwpaiatlon of, 752 

^>J||in\lpU«nanthreiiaiiidandione, prepamtinn nf 

nimptji\ Ijj^aiuinihnnequinoiie, preparation of 
■ 487, 450 

ketone, preparation nf 118 
i fl prepamtion of 522 

chloride ring 

oarblnol, reaction with phenol 

prepiOTtioli nf MS 

l^ssisiKSsa srsx?. 

chloride, ring 


^'of* ''J *“'»“PropylnMithane, preparation 

IJiiiJijlji\|p|iLiK,ktliiiie pupal Hi ign of, 665 
i-linii tiu Iffhi h ilio Hnli>ilii(U, learliun with 
li\din«iiiiiinni, 536 

livdioxyli>[lioquinniir, $56 
P>tOKal1cil 366 
lolunii $66 
loliiliVilirMiuiiiuiic, 556 
I)iiii(ili\l]ilMiiliiiiuie, prcpainiiuii of, 410 
^^27*5 Inaplithalenu pi tpnration of, 

IhnirlhilprrjpiopliuioneB, prepaiation nf, 210 
JJiiiieUiylpiupiIbBiizone, piepiimtirm ol 501 
rcRctiun With aluminum chloride, 710 
Jiiijietlivl-n-piopjlcaibinol, rmitirm with ben- 
zene, 622 

l)iiiioth>lp5 irolocarbox^ lie and ethyl eater leao- 
iiuit with Lldonde 388 

Dimi I h>l quinoline, prepai ttioii of, 63$ 
DiiinthvlrDtLUDindandione, prepimtion of, 447 
Uiniptlnhiirciiur onhvdiiilB, reaction with alu- 
rnuium Lhlurule, 78l 
— benzene 592 

Diini tli>lsulfiim\l chluTide, rcaLtion wiUi au t- 
iiniliil , 269 

liiniLthjl Bulfttto (^ee Methyl eiilfatel 
liijio thylUti jht droqumi/ariii preparation of, 

5M2 

DiiiutlullitrBlnnp prcparatinii of 407 
( l)iinrth\ ltluno\l)bQnzoiL acid pieparatiDn of, 

541 

iinrtion with nluzninuin chloride, 640 
( l>iiiutln ltlieno>I)propiouic acid, preparation ut, 
590 

DiriKtlullhiniithnnp, reaction with phlhalic an- 
in dridt 542 

Thnii tli\ltliiofluoran preparation of 370 43D 451 
l)iiiutli\llhiopliaiithrenequmone, pipparatiou of, 
541 640 

hiini Un Uhiophonea nnlation nf 374 
nruliiiii with sutcuiir anhtdridc, 590 
JhmrthiUoluidinri, reaction with benranilidimiiln 
tlilnnclp, 154 

Dunitlul '>(1olvl)butvnl chloride, ring clo- 
MUt of 405 

I>imi ih\ droT>anthTHquinone pTeparation 

of 556 

Dunellnhalernphinoiiea preparation of 219 
ItmictluKaiithme, fnmintion nf 640 
iJiiiixiHlmlf aiburuh priparatinn of 391 

IbnaphthnlPiiL oxide ri action with aluminum 
ililnnde 656 

9 10 UiiinplillioiliBnthronp preparation nf 655 
llinuphtliopinhni formniioii nf, 133, 721 
rractioii wilh l>tnro>l tliloridp 294 
DmaphthotlbcnzeiieB, preparation of 278 
Dinaphthovlphtbalu acid^ preparation nf 569 
iJiiiaphLlioylrVTeneB preparation of, 291 
rpBclion with aluminum chloride 65B 
Dinnphtlnl rarboiiate, reaction with benaoyl 
rliJonde 366 . ui 

llinnphthxlcnn oxide, reaction witli chlorinated 
paraffin wax 180 

j»wm-Dinaphth\l ethane preparation off, 111 
Dinophthvl ketone reaction with aluminum chlo- 
rifli 649 654 

llin iplillixlnicihnne foiinution of, 720 
prepiralion of 118 
limit! naptnlfiiip piiparation of 420 
w,-lliniiioi>enrcno complex with olummum chlo- 

pinif roh*vdrnTx bonxovl rliloride, reaction with 

Dlnitr™phonxlHmino)bBnrDyl chlonde nng cln- 

Dmitroplithalic anlixdnde, iwaotion with tn- 
rreool 551 

I.initwSui chUmde. reacUim with bimrai,. 

IhmlTo/HliivIbrtUnir MO '«X 

Dinitnmiithjme, 

DiMrfinii polviiwirntinn of, 7M^n 
- , reaction with Indrogcn cWorida, 7ix 
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Diolafinv, raaetion with phenol, liT 
— , » phnutl vtliem, 408 

DioMne and olkvl benemo. polyoMriOfiiAmi cil 
898, 8» 

— deAiVA, ciifMklvnjiniiiitHin m 897 MU 
DtpoIntitovIrarhMolo prrpamliun nf 081 
Uiponloiie polviuoniniitiu < f 81) 

DipMitfV^ ililiiririwliloiidc ri<(u1ion with phenol 
188 818 

DiphoneUnlbutiiiie, prepantiim of, 884 
DiphenotovIprapMie, prepototuHi of 307 
Diphenetylphtbalido, pnponition of, 107 
Dipheoie emd ehlond*. nnotioa with anieole 305 
— , — roeormnyl dnnothpl ether IM 
Dipheoie uibydnde, reoetioo with anuMile 503 

benicne, Ml 

— , — naphthjuene 588-8 
, — phenelole 581-3 
— , — toliMne. 503-8 

— — xylemo, 501-3 

a,a-Dipheii>Ueetio aeid. piwparaticm of 138 
Diphenvloeotophiiioiie, preparation of 138 338 
Di^heaylBoelyi cblonde, reaetion with bensme 

— naphthalene 3)8 

Diphfnyliwlip^l ehlonde, nng eloeure of 408 
Diphenvlamme preparation of, 183 1M 7 

— reaction with aortic anhydride 073 
oxalyl ehlonde 888. 414, 418. 451 

— — eulfur. 866 

— tnarylmethyl halidea. 185 180 
Dipbenylamlnoohloroareme preparation of 810 
DipUenylauinophthalide, preparation of 58t 
Diphenylanthraoene preparation of 132 040 
Di^henvlanthmceoeduiydride prn>aration of 136 

Diphflovlasthronei. preparation of 188 2)9 340 
348. 451 

DiphenylbcnaMie reaelion with eoetic anhidnrlo 
871 

— — phthalie anhydride 534 
Dipbe^lbenaooinohonie neid chloride rmf oln 

euro of 433 

DlphenylbeDsophenone, preparation of 380 
1 l-Dfphenyl-n-butanr, prrpnratinn of 043 
DiphwiylbutiTie acida, prepanttion of 187 470 
485 

Diphcnylbutyrolactone, preparation of 280 
Diph€ti\lbiityryl chloride rmf doeure of 405 
Pij^enyJehloral hydroehloride. preparation of 

ntphroylohloroamne prepnratian of 171 
Dipheml-d-chlorovinvlnmlne, prrpnratifin of 173 
Dtrihen^einehanje aeid ehlonda Hnf dnmire of 

438 

pjjahtngjeyeloheaaiiei. preparation of 138 477 

880, 8B5> 7l0 

Pipbenjd^hthalklvl enlllde, reaetion with ben 

Diphenyl dudemde, preparation nf 107 
D^envl dwalfide preparation of 104 
Oi^-Diphenyl dlthiophtbajate. preparation of 

Piphmiyleoe dloahle im$ Dibenao-p-dlnsriii) 
Dghenylamf^yenlio acid, reaeticin with henartie 

Plphenvlene oxide (eee Dfbencofnran) 
Dtphenidene oxide dlearboaylle aeid diamide 
Preparation of, 178 
Ptphenylene sulndik formation of 8 
PfpbenyletliaM, fonnatton of. 489 4flf7. 884 

of. tl8, 111* 111 116, IIO, 188. 

taaotMMi with ilimfanim ehlorlde 781 
Diphenylelibaiie diaeetate reaetion adth dOiy- 
droaydiplieDVIetlMiie 787 


nr ei iyd,lphepvliifhnnii 787 

7>iplMiiyleihaae dlbutmte. reaetion with dlhy- 
orofydipbepyleUiiiie. 787 
Diphenydethaiie dinovalerate, reacUon with dih^ 
dmydfpheoytethme, 707 

alksdation of. ITB^ 187^ 188 
— . oomite wHb alutthMim ehlonde. 53 

prepahillOB of, 888 


Diphenyl eite, rmM with aaetyl ehlonrlr 141 

* alhyl halidm, 178 

, amil ehlocidea, 188 

* areenio trteldonde 483 443 
bteieosd ehlorid* 843 

— butyl ohlondra 187-R 
cmnamovl ohlondf . 848 483 

- chlnroaeelyl ohioruie 843 
Hilonnated parafhn aax 180 

* (diehlora-p-aniiiiiObeniovI rliloride 270 

- , ^ ilihalo aliphatic hyilroearbonii 188 

- ethyl ehlonde 187 

- — ethylideae diehlonde IBB 
, — fatty acui ebiceidee 348 

— halofene 813 

- — heptyl haJidQB, 188 

— hexvl halides IBS 

— - hydrogen r\nnidr 604 

— ideio acid, 475 

, — phenol laothiocvanate 140 

— — phoepbonii tnchJoride, 170 101 

— - plilhnlie anh^dnUo 132 

eueoimc anhydride. 588 

— eiilfur. 886 

- iiiUI eatere 874 707 708 

- — inchloroaoetonltrilp 505 

— einr r^anide 000 
preparation of 121 

PiphenvlBth%1ene pol\meriBatinn rf 007 799 
p (a a DjphenylethvDphfnol preparation d G'’l 
a 0 Diphem Lhpptniie preperatinn of 1 15 
1>lpbpnv1h^r1rlnflone prepDration nf 248 
I)iphm\lhv(lroquinone prepanitinn of 641 
PipherivlunidD ehlonda, reacuon with nllil P 
naphlhvl ether* 411 

hrmnatir hydrocaibmie 154 
~ — naphthalene derivatnr^i 430 
0-naphUiol rthere 480 
Piphcni lindonr rrartion with hin/^pne 450 
Diplimil laobhthnlate rnurnnarmini if 795 
Diphinvl ketotetralm preiiaratum nf 423 
DiphMivlmefhanf* complrTi with nluininum pII 
ndp 101 

formation of, 0 10 634 041 721 

- preparation of 108, 114 128 125 141 14 
141 IW 346 041 087 881 

rrariion with acetal chlorine 2M4 
aluminum ehlonde 721 

- - nrtaljl chloride. 384 « 

— phnephorua triehlondo 168 170 
D^ghenylmethanecarboxyllc acida prrpamtifm n 

Diphenvlmethaiie duioetate reaction with I h' 
drrixydiphenylineihanr, 707 
Diphenylmethatie dibubrntr rrartinn with IM 

riSsSStt'Slr.iSa 

-lyi^3Ss*!gtaJg > 

hirdifB7dipliNi>)liH41iM>e W 

DiphmvInHirhyteiim 1. im 

Dtphonytewthyj. bynyto "j ,' 41 

niph*B>*BMhy[lwtHe •cid pnT^'J'" . „| 

Plphoiylraetbviearbinol reaction with r 

fl5Sh«nVh»rthv1)m»t^» , 

nMnytiiMthyf nphthyl katone |)ril»'ni“''> 

3 ^r>ipb«nyt-N-«ii*hy>l»lndBle prwarnli " ' 

P^«yl«»»*kylpaotaii»-l, Maetlnn «iH' 

(tHph««iylmrthid)(pliwlM««®>*"P*'“'' 

{i5!a5Xi«oM^ -o'- 'J, 

“ I, wl 
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J hnhenylmphtiilLlaM plii« Mid ohlunrlm nim- 
iiJtli aJumuium ohinridc. 51 
|)iplii*iivloviiidol«. prepmtirm of, m 
|>i|)him>lpliciMUiuimn«, f»repunitJon of 
|>i|ilifui\lphpiiiiRthtr>lirHliiii|itimi«, pippainlion of 
A58 

l>ipli«n>l pbthuliiip) pn^paratiim of 861 
, iwotWMi witli aliimiJiuiii oliloruir, 702 
rettiTBiigCfiiMt of. 700 

DipbenylpnUuilide. oomplfis with ■luiiiinutn ililo- 

-rp^BTOtMJD of. m. 640. 651, 514 
— , reMtaon with bepfeene. 600 
Di^m^ropanaB, prepamtion of 118, 121, 430 

DiohciiylprapBiio diMetaie, reactiun with rlih\ 
rluixvdiphenylpropuui. 707 

1 >i|ili<>m Ipropane dibutyrate, reortion witii []ih\- 
(Irriv^dipljoiylpTopaiie. 707 

Diphcmlpropane dufovalerate, r«wction with ili 
J)\(lroi\diphGiDylpropBM, 707 
Dilute m^propionir Mid, prepamtion of 400 471 

Dmlipnylpropjonitrilp. fonnation of 008 

2 0-Diphm}dpropionyl chloride riiiB eloetire of 

m 

l)iphen>lpmpinpbeiione, prepamtioo of, 140 24R 
480 482. 484 

Diphen^lpymnthmne, rcaetion with Blumimim 

chloride, 055 

2 6 DjphBnyl-8,5-p\ i idine rarboat h I chloride 
nns olncure of, 415 

Diphmylpyndin^irarboxvlvl cliloride, ring rlo- 
Hure 01 , 422 

Diphenyl aelenide, nrepnrnfion nf 107 
Diphen^lneleniuin cfiohloride, rmction with ben 
yent, 107 

— toluene, 107 

Diphenyloiliron diehlonde, reaction with ptini 
hromule, 178 

Diphenvl milfide, complex with aluminum rlilo 
nile 52. 68 
fniniaiion of, B, 007 
priparation of, 108 184, 005 
iiuilirm with oxalyl ohlnnde 870 
plithalio anhydride, 540 

Ihpheml Bulfnne. cmnplex with aluminum chin 

ihIp, h, Mt, In 

- formation of, 208 
preparation of, 205. 208 

ihplim\l eulfoude, preparation nf 204 
Ihlihpiivl iorepbthalate, rearningnn(*nt of, 700 
lh| hnnvltetrabrcmiophtluihde, preparation of 549 
**yjjBnvltettamethylanlhrucenp, preparation of 

|hphen^jthiPWvlmBthane, preparation of 108 
Dililienvl-p.tolyM«iooiui|]i chloride, preparation 
f>r 187 

jhiilienil teideeyl ketone, preparation of. 282 
''l47 tnonloroethane, preparation of, 140 

Dll hem I prepnrntion of, 609 
til Pwfwntion of 188 

A iphthahmidobipheii^, renetlon wnth aluminum 
rhlnride, 080 

}JlI*’7*'**'>vIphenothiaimo, preparation of, 542 
PoI^P moiiM, in onentatioh, 85 
DmrnlT'''' pmMmtion of. 7B6 

n l>«»P«tlon of, 702 

•Wiol, fonnation of, 004 
n K!‘^'®"''l5«n8pHthene, praparation nf. 297 
D n preparation, of. 812 

preparation of, 700 

"■ 

preparation of, 81, 05. 019 

ehlaride, 719 

DT^mUca of, «5 

of. preparation 

®JJJ"Pvlin»U»ivl ohiorldo, reantfmi with benrene 

M7 

p-oy 


*^thnlene***446”^^ olilonde, reaction with naph- 

Diiuiipvltoliiene, prepaiatinn of, 810 
Dipw uihn iiniyl kilrme prepare turn nf, 286 
nip<ieiif|rKiiiii>lmeiliHne, piepuratinn of, 110 
(lbsalir\lu liiiil isln) plitliHlnle, incparatum of, 
dOK 


DiMiiiMuliiK LImiic, roiiualiuii nf, 041 
DiMtiaii>>lrnrha/ule, piepnratioii nf, 891 
DitliiHiiKphthetiyl kotunc carboxylic and ohlnride, 
ima clrNUii of, 427 

Dilhianaplithenyl ketnnic acids, reaction with 
aluminum ohlonde, 040 
Dilhiocarlioxvlic acids, preparation of, 510 
(Di-a-thicnyl)pbenylmethBne, preparation nf 198 
Ditoluylbenscne, preparation of 241 
Ditoluvletiianr, preparation of, 236 
DiLolm lethylrne, preparation of. 242 
IJitnluvImt thane, preparation of, 288 
IbtuluylpiTvlpnee^ preparation of, 298 
Di-Cm-tnlvl) adipate, rearrangement of. 704 
IJi-p-tolyladipvl chloride, ring oloeiire of 408 
Ditolvlbutyrnlartone, preparation of, 286 
Diiolylene bisulfide, preparation of, 106, 442 
Ditolvlpthane formation nf, 9 
preparation of, 110, 112 
Di-p-tolvlhydroquinone preparation of 061 
DitoM ketone (aee loUl ketone I 
Ditnhlm ethane, formation of, 041 
Ditohlm ethane, preparation of, 100 124 
, reALtion with dirhlnromethane, 100 441 
Diioh Inicthylanthrone preparation of 241 
Ditoh Iniethvltriaiine preparatnm of, 880 
Dilol>lphtlialide, preparatinn of, 241, 451 
Ditoh linrhloriiethanp preparation of 146 
Ditolifhaleiic arid, proparation of, 138 
Diveriiity factor, inorgamo complexes, 40 
I)ivin>l ketnne preparation of, 760 
Dixenyl krtnne preparatinn of, 280 
Dixentl phthnlide, preparation of 284 
Dixeml aulfnne, preparation of 284 
Dixf loylethanee, preparation of, 287 
T)ix\ln\lethfleap, preparation of 242 
Ihrylvlanthracene, preparation of, 132 
Dixs I v1 ethane, preparation of, 112 
Dixvlvlhirlroquinone, preparation nf 001 
Dotilvl ketone, preparation of, 284 
Dnvh Imeihane. formation nf 041 
Dml\l|>cr\lenea, preparation of 242 
Dix\hlprnpnne, preparation of 113 
Dix^hltrirhloroethane, preparation of 140 
I)iMlpcorhlmr>hppt©ne formation of 77B 
Dndecaln rtrobenaanthraoene, preparation of 488 
Dortecnhydrophenalene, fonnation of, 722 
Dodfrehvdrotnphenylinie, fonnation of 722 
Dndecnne, chlonnation of 98 , 

Dndnc\lHPetophenone, preparation of, 219 
Dodec^lhenzene preparation of 212 
renrlinn with acetrl chloride 219 
Dodecyl bromide, reaction with ethyl bromofiiro- 


ite 202 

ideoyl phi nn fie preparation nf, 93 
rnirtion with bencene 93 
— inethrIr\rlopi»ntiuie 787 
deril xenyl ketone preparation of 282 
decilxvlennl, preparation of, 7M 
irleaning agenta, preparation of 100 
\mir niln polvmenaation of, 817 
preparation of 811 
Irene face TetramethvlhpnseiiBB) 
iroh\ droquinone, formatiim of, TO ^ 

iroiiidroquinone dioetvl ether, deavage of, j80 


" intnrmBdiatee, JS’ il7i! 

Btufia preparation of IBh 612, 058, 053 


:lir acid, reaction with beniTOe, 472 
ron affinitv m onontation, M 
rnnegotivitv mvolving aubatitution, 80 
ithic acid (we Heptoic and) - ^ 

ra (see alao Aromatic eetera) acylation of, 804 
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Bftteit, alkylaticm of, 17B, 174, IBS' 
fonuation of, 702 
hsndvolyab of; 788 

, nution with ■romBlio oampmindn, 130, 073ff. 
Teplaoonent of linlogon in, 185 
Bkton, inorguiio, reactionn of, OfiO 
Eaton of Bulfonio ncid (halocaDHtnl), reaction 
with aromatio hydrocarbonB, 106 
Ethane, reaution witli aluminuin chlarido, 821 
Ether (boo Ethyl ether) 

Ethan (boo abo Aromatic ethcra), hydration of. 


— , reaotion with aromatic hydrocarhona and 
phenob. 084 

~ hyaroRon halide^ 772 
— , roarraniicstumt of, TOB 

— , halogenated, reaotion with aromatic bydro- 
oarbODB, 186, 141 

Ethoxyacenaphthanequinone, preparation of, 4S0 
Ethozsnnunophetiol. formation of, 732 
p-Ethoscybennldebyde, preparation of, 004 
EihoxybbiaainidB, preparation of, 848 
EthoxybenBoketodihydrothianaphtbene, prepara- 
tion of, 426 

(EthnxybenaDyOactylio add, preparation of. 670 
bta(£thoxybeuoyl)butBnB, preparation of, 6B4 
bia(Ethoxybenaoyl)propane, preparation of, 807 
(EthoxybBiUDyl)propiDniD acid, preparation of, 
588 

4-EthoxybenBophBnonB-4'-araonic acid, prepara- 
tion of. 270 

Ethoxy- o-bromobenaophaione, preparation of. 
807 

Ethoxybiityrophenone, preparation of, 306 
Ethoxydiphenylonthrone, preparation of, IBO 
Ethoxyhydroxyohalcone, preparatinn of, 830 
Ethoxymethoxybenxoyl chloride, reaction with 
veBUtrole, 31B 

Ethoxynapotbaldehyde, preparation of, 604 
Ethoxynaphtlialene (aee Naphtliyl alkyl ethera) 
EthoxynaphthalenethioBlycolyl chloride, rina do- 
sure of, 423, 426 

4-Etlioixyiinphthonitrile, preparation nf, 14B, 181 
(EthoxynaphthoyOpropionic acid, preparation 
of, m 

Ethoxynitrobeniophenone, preparation of, 845 
EMioxyphenoxybeniopheiionearaenic acid, prepa- 
ration of, 270 

Ethoxythiophenol, Fsaction with acetyl chloride, 

aOB 


Ethoxytolualdahyde, preparation of, 604 
S'-Ethoxy-8,4,4'-trimrthnxybonaopbi!nDne, prepa- 
ration of, BIB 

Ethylacenaphthene, preparatinn of, 107 
reaction with acetyl chloride, 2B6 
E^yl acetate, complex with aluminum chloriilp, 

804 

— , formation or 762 
— , hvdrolysu oi, 783 
preparation of. 768 
— , reaotion with beneene, 074ff. 

— , — ethylbenzene. 678 
— , — triphenylmethyl chloride, 118 
— , fNilvent for aluminum chloride, 24 
Ethyl acetoBoetate, fonnation of, 762 
— , reaotion with 2-acetylreBoroino], 67B, 680 
— , — 4-aoyl rewiroinoln, 680 
— , — dlbydroxybenzophenone, 079, 680 
— , — dUiydroK^hylbensoic acid, 87B, 086 
— , — o-hydroxyaoetopbenone, 078 
— , — methyl o-hydroxybonzoate, 878 
— , — methyl ^-rezoroylata, 67B, 680 
^ orcBcetophenone, 670, 680 
— , — phenol, 878 
. — phlOrpacetophenone. 080, 686 

— reBzoetophenone, 070, ON 

— /J-TeBorcyllc acid, 67B, 686 

Kfhvl a-anftofdutarate, reaotion with reeoTcinal, 


Ethylnccitnphenone. formation of, 674 
— , pri>paration of, 480, 678, 077 
Kthylaoetylenp, reaetion with aeyl halidei, 700 
Etliyladipyl chloride, nnotion witli beneene, 253 


Ethyl alcohol, eomplexea with aluminum ohhi- 
riup. 62 

— , polymerization of olefins in the presence id, 
7BB 

- '• preparation of, 143 

— , reaotirin with acetyl ehlnride' 'flluniiiiuin clilo- 
ririe complex, 762 

- aluminum chloride, 617 
— , — heniene, OIB 
— , — chlDTobensene, 623 
— , — phenol, 827 
— , — tDluene, 610 
— , — triphenylmethyl ubloride, 118 
— , solution of metallic halidM, properties of, 
26-7 

— , solvent for aluminum ohloridB, 24 
Ethyl aluminate, comploxes with aluminum chin- 
Tide, 62 

^-N-Ethylatninonaphthalene, reaction with 
oxalyl chloridB, 388 , 418, 461 
biti[(Ethylamino)phenyll ketona, preparatinn nf 
509 


Ethyl 5-tBrt-amyl-2-furDate, preparation of, 201 
Kthylaniline, reaotion with carbon dioxide, 60D 
— , — oxalyl chloride, 883, 460 
n-Ethylbenealdehsrde, preparation of, 590 
Ethylbenzamide, pr^aration of, 261 
KthvIbenzenB, bromination of, 611 
— . formation of, 10, 620, 621. 6B0, 714, 716, 823 
— , preparation of, 81, B8fr., llOif., 120, 126, 13H, 
173, 457ff., eiB 

reactiDU with acyl chlorides, 21D 

- — aliuninum rhlonda, 718, 824 

— , — cynnic acid and hvilroEen chloride, 201 
, — benzoyl chloride, 224 

— benzoyl cyanide, 638 
— , — carbun monoxide, 599 

-• , — cliloroaectyl chloride, 233 
— , — ethyl acetate, 678 

— ethylmidonyl rhloride, 230 

— , — haloEnnEitea eliphatie arid chlorides, 232 
— . — isopropyl bromide, 82 
— , — mnlonyl chloride, 239 
— , — oxalyl chloride, 236 

— phenyl acetyl chloride, 246 
• , — pJienylparacDnic acid, 495 
— , “ phosphoniB trichloride, 108 
— , — phthnlic Bnh;ydrxde, 8Zi 

- — propyl bromide, 82 

— , — succinic anhydride, 584 
— , — sy/n-tPtrabrnmoethane, IIP, 429 
— , — tetraohloroplitlialic anhydride, 548 
— , — toluyl chloride, 224 

- , — trimsthylpentane, 500 

— trimqrmethylene, 644 
— , Hpparation from xylenee, 611 
p-Ethylbenseneohlorophosphine, preparatinn nf, 
IBB 


Ethvl bensoatc, complexes with aluminum rliln- 
ride, 61 

— , hydrolyaiB of, 783 
—I preparation of, 768 
— , reaetion with benioyl chloride, 804 
— , — phosphoniz triohloride, 108 
p-Kthylbenzoio acid, preparation nf, 235 
EthvlbenzophBDDne, preparation of, 224 
hi>(Ethy]bnnBoyl)metliane, preparation of, 230 
(Ethylbf>nzoyl)propionlo acid, pr^aratinn of, 554 
Ethyl benzn^Bnlicylate, preparatinn of, 367 
Ethylbenzoylthinphene, preparation of, S74 
Ethyl benenylvaferate, pTroaration of, 263 
(EthylbpnBylamino)benzoylbenioio acid, prepara- 
tion of, 680 

Ethylbromide-benzene Bolutinn of nJuminiim 
chloride, conductivity table for, 32 
EthylbromidB (nee also Ethyl hslidps) 

— , complex with aluminum chloride. 49, 101 
— , — benzene and aluminum chloride, 49, 101 
— , — mesitylcne and aluminum bromide, 99 
naphthalene unlution of, with aluminum 
rido, conductivity table for, 32 
— , preparation of, 770 
— , reaction with acen^hthrae, 107 
— , — acotophenonn, 192 
— , — benzene, 81, 88, 102 
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fiChylbroouds, fBietloii with ohlorofonn. 778 , 

— diphnylaUiooii diohloride, 178 
-^1 » BttisdeM diohlorida. 779 

_ — methyl iodide, 779 
taAphthaleoe, 105, 100 
— , — nitrobeniBn^ 184 
— , — xylene, 89, H 
— , eolvent for ^uminum ohloride, 24 

solvent for Bluminum ohloride, conductivity 
of solution of, 31-2 
Ethyl bromofuroattt, alkylatiDii of, 201 
Ethyl fert-butylbromoturoBte, preparation of, 201 
Ethyl Cerf-butylfuroato, preparation of, 201 
Ethyl butyl ^a-naphthoato, preparation of, 193 
Ethyl butyrate, reaotion with benseue, 078 
p-Ethylbutyrophenons, preparation of, 078 
N-Ethyloorbamyl ohloride, reaotion with toluene, 
260 

Ethylcarbaaole, reaction with phthslio anhy- 
dride, 639 

— , — cyanuric halides, 151 
Ethyl carbonate, reaction with aluminum ohlo- 
ride, 781 

Ethyl chloride (see also Ethyl halides) 

— , complex with aluminum chlorido, 40, 103 
fumiation of, 118 , 467, 778 
— , preparation of. 017, 770, 772 

maotion with omsene, 81, 88, 80, 100 
— , — carbon monoxide, 707 
— , — ethylene dibromide, 770 
— Hthyleno oxide, 700 
— , — Ipad sodium alloys, 788 

- , napliihalone, 105, 100 

— , — phenyl ether uid derivativra, 187, 188 
— , Holuliuii of aluminum ohloride, cnuducliviiy 
ot. 33, 34 

- , solvent for slumiimm cliloridi^, 24 
N-Ethylohlor(»cetandide, ring cloeuro nf, 416 
Ethyl fshloroacptate, reaction with hydroquinonp 

diiiiptliyl ether, IM 

— mesitylene, 137 

Ethyl ^^-chloroao 0 tylpheDyl)acetate, preparation 

Ethyl ^lorocarbnnate, reaction with aromatic 
bydrouarbone, 136, 137, 080 
— , <— halDgenated aromatic hydroGarbuns, 136 
Ethyl chloroglyoxylate, reaction with benaciU', 
262 

— , — n-cymene, 252 
— , hydroquinone dimpthyl ether, 329 

— phenyl ethers, 804 
“ thiophene, 372 

Ethylchrysene, leactinn with acetyl chinridp, 292 

— benzoyl chloride, 201 

a-Ethylcinnamic acid, reaction with bpntenp, 469 
u-Ethylcrotonyl chloride, ivaclion with p-lubl 
methyl ether, 444 

Ethylcyclopentanp, reaction with aluminum cklu- 
ride, isomerization of, 780 
p-Kthyldesoxybenzoin, preparation of, 678 
Ethyl diacctimeetBto, formation of, 702 
Ethyl diethylpyrrols corboxylate, reaction with 
,Roetyl chloride, 888 

Kthyldibydrophenalonc, preparation of, 401 
Etlivl (dimethoxyphenyflKlyoiylattf, preparutmn 
of, 1129 

Ethyl fn«(dimethylBminoplicnyl)ncetate, prepara- 
tion of, 085 

Ethyl bis(p*dhnethylBmmophenyl)iclycolatc, 
preparation of, 034 

Bthyl [p-(diinethylBminD)phem'l]glyoxylBte, 
preparation of, 034 

Ethyldimothylbenzunes, preparation of, 82 , 83, 
180, 450 

— , reaction witli acetyl halides, 220 
, — diethylmalonyl chloride, 445 
EthyldhnBthylcarbiiinl, renrtiou with benzpnp and 
toluene, 022 

Ethyldimpthylcoumarauuni', preparnliim of, 443, 
700. 704 

Ethyldimpthylchromanonn, prppurutiim nf, 444 
1'd.hvliUui|ithylUydroxyhydrindono, iireparulmii nf, 
^700 

Ethyldimethylmathane, formation of, 720 


Ethyldimathylphenyl aoetata, reuranKcmenl of» 
706 

— ohloroaoetate, rearrantfcment of, 706 

, reaotioa with ip-tolyl aoetat^ 708 

Ethyldiphsnylpropionio acid, preparation of, 409 
Ethyldi-n-propylphenylmetbane, preparation of, 

108 

Ethylene, complex with aluminum chloride, 48 

— formation of, 821 
halogenation of, 779 
polymerisation of, 798ff. 
reaction with acetyl ohloride, 752 
^ acyl haUdee, 7U 

— arsenie triohloride. 784 

— benzene, 45017., 091, 877 
bensoyl ohlorids, 755 

— bromobensene, 400 

— chlorine, 773 

— ohloroaoetyl ohloride, 755 

— chloropropionyl chloride, 756 

— cyclohexane, 742 

— ti-hexons, T38 

— hydrogen cliloride, 770 

— isobutane, 787 

— methylcyclnhexane, 743 

— rortbylcyolopentane, 743 

— naphthalene. 408-4 
phOBgene, 703 

— lotralin, 404 

— toluene, 450 
— , — xylene, 469 

Ethvlene dibromide, reaction with ethyl ohloridL', 
770 

-- cthylonc dichlorlde, 779 

— halDaromatic hydrouarbons, 170 

— mesitylene, 110 

— naphthalene, 110, 720 

— toluene, 0, 110 

Kthyleno dichloride (see alsn Dichlin-netlianra), 
reaction with aluminum chloride, 780 

— aromatic hydrocarbons, 111 
. — benzene, 110 

— benzene and oleic acid, 837 

— chlorine. 774 

— m-creBol, IBI 

— ethyl bromidi', 770 

— ethylene dibromide, 770 

— haloBTomatio hydrocarbons, 17B 

— halobenzene, 170 

— iiaphthaleno, 720 

— , solvent for aluminum chloride, 24 
Ethyl me dichloride and aromatic hydracurbonz, 
polymiTization of, BIB 
— and naphtha, pnlymcTisation of, 810 
Ethylbno-biuldiphcnyltriaeino), preparation of. 


381 

Ethylene glycol bwCchlorottoctylphonyl) ether, 
prepnratinn of, 844 

Ethylrtif' glycol diaryl Blhors, reaction willi 
cflirbumyl ohloridi*, 349 
— ^ — chlnroacetyl chlnrido, 344 

„ hydrogen cyanide, 605 . . ■ 

Kiliylenc oxide, reaction with aliphatic ciwn- 
puunde, BM, 769-770 , , . * ug 

hvrlrnnnrhnM and (lul'lvatlVeS. 502- 


503 

— , — cyclohexane, 770 
— ethyl chloride, 769 
— , — hydrogen sulfide, 509, 786 
— keroeene, 770 
- phosphoryl ohlondn. im 
E thylene tribromide, react ion with benzene, .115 
Ethyl other, oomplexM with alummuiii chloride, 

52. 763 u , 1 1 

— , icaction with ^tic anhydride, 763 
— , — acetyl chlnride, 703 

- , — benzene, 084 _ 

— , — benzoic nnhydrinp, 763 
, — benzoyl chloride, 763 
, - carbon monoxidp, 768 
, ~ hvdrogpn phloridp, 772 

- , - phsnol, 084 . , 

— , — triphenylinethyl clilonih’, 118 . 

— ■, soliiiinn of aluminum chloride, cuniluptiv'itx 
of. 33 
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Ethyl tthV| Bolvoit in katoiia vyntheaii, 34, iU 
Ethyl ttther^ioetio niihydxide, ecmplex with alu- 
mmum ebloridv, <1 

Ethylhuarobenmifli, iwotira with phthalie anhy- 
dride, ASS 

Ethyl fcMmate, reaotlon with banaene, OTS 
— , ^ toluana, 877 
Ethyl furoate, alkylatiim of, 102 
Ethyl furyl kstonoB, propntion of, 178 

haUdai Cvw alao Ethyl bromide, ohloridm, 


Ethyl halldm (eoa 

iodide), in nikylaUan, 01 
— , renetion 


. with beniene, SI 

— , — furan eaten, IBB, 800 
Ethylhydroquinone, raaotinn with maleic anhy- 
dride, BBl 

Ethylhydrozybenialdehyde. preparation of, 803 
Ethylhydnncyeyolohoiaiie, prqiaration of, 770 


BthylmethylpropiophaiMnuL pnpantioD of, 210 
Ethylmethyl-n-propyloarbinol, naetion with 
beniene. 821 

Ethylmethsd-n-propylphenylinethane, prepara- 
tion of. 108 

t-Bthyl-l-methylquinoline. preparation of. 0B8 
Ethyluaphthalene, fonnation of, 720 
— , preparation of, lOA, 106, 118, 484, 802 
— , reaetion with oarbamyl chloride, 200 
— , — dietbylmalonyl ohlorida, 440 
Ethylnaphthaaarine, preparation of, ASl 
^-Ethylnaphthindoldjone, preparation of, 3S8, 

N-Bthylnaphthieatin, preparation of, 41B 
Ethyl a-naphthoate, reaction with n-butyl clilu- 
ride, IBB 

— , — iiopropyl chloride, 103 

Ethyinapnthsd ethara (aae Naphthyl alkyl ethriN) 


m/hvlidMiA hmm'irlA. tnrtnmiirm Af 190 _ 40l 
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Ethyiidene bromide, formation of, 110 
— , reaction with benaene, 441, 710 
Ethyiidene chloride (aee also Dichloroethanee), 
deeompoBition to vinyl chloride, 410 
reaction with chlorine, 774 
— , — diphenyl ether, IBB 
— , — ditolylethane, IIB 
— , — naphthalene, 113 
— , — toluene, 717 
— , — m-xyleno. 111 

Ethyl iodide (see bJbo Ethyl halidea), ouinp1(*x 
with aluminum chloride, 101 
— , reaction with carbon tetrachloride, 770 
— , — chloroform, 770 
— , — naphthalene, 105, 100 
— , Bolution of aluminum chloride, conductivity 
of, 81-2 

, — , eolvcnt for aluminum chloride, 24 
Ethyl iodopropionate, reaction with meeitylenp, 

N-fiithylieatin. preparation of, 8B8 
Ethyliiopropylaoeiane, preparation of, 740 
Ethyliaopropylbenaenea, preparation of, Si 
Ethyliaopropylideneaaetone, preparation of, 

Ethyl iaopropy] ketone, formation of, 707 
Ethyl ieopropyl-a-napnthoate, preparation of, 

loa 

Ethyl lead oompounde, preparation of, 7B0 
— , reaction with aluminum cMoride, 7B0 
Ethyl malonate, oomplrz with aluminum chlo- 
ride, 31 

Ethylinalonyl chloride, reacticin with ethylbcn- 
aene, 280 

— , — d -naphthyl methyl ether, 44B 
— , — rBeoroinyl dimethyl ether, 447 
^ p-tolyl methyl ether, 447 
Ethylmnitylene, diacetylation of, 222 
— , reaction with acetyl halide, 220 
Ethylmethoxytoluene, reaction with auccinio an- 
hydride. 6S8 

Ethylmetnylaoetophenone, preparation of, 210 
Ethylmetbylaniaoie, reaotlon with eucoinic anhy- 
dride, SB8 

(EthylmethylBniHDyDpropiomc aeida, preparation 
of, 688 

Ethvlmethylbeniene, reaotlon with aliphatic ariil 
haliUee, 210 
-- aroyl ohloridea, 224 

Kthvlme^ylbpnaophennneo, preparation of, 224 
EthvlmeihylbutyrnphBnone, preparation of, 210 
Ethyl (methylcyclohexyOfuroate, preparation of, 
201 

8 -Ethyl-2-methyl-2- (p-hydroiyphenyl)pentanB, 
preparation of, 02S 

Ett^lmethylieoamylpbenylmethane, preparation 
of, 108 

Etliylmethylketoanil, reaction with aluminum 
chloride, 085 

Ethyl methyl ketone, reaction with aniline, 083 
—, Bolvent for alnminum chloride^ 25 
Ethylmethylketatetnlin, preparation of, 405 
Ktliylmpthylmaleir anhydride, reaction with lu-o- 
roatjo hydrocarbone, 608 

Ethvbnethylphenyl acetatec, raarraniemente of, 
704 


Ethyl nitrate, reaction with benzene, naphtha- 
lene and toluene, 6S2 
— , solvent for aluminum chloride, 25 
Ethyl oxalate, complex with aluminum ohloridL', 
51 

— , reaction with dimethyl aniline, 033ff. 
N-Ethyloxaniiic acid chloride, rinx oloeure of, 
418 

K-Ethyloxindolo, preparation of, 416 
Ethylphenol, alkylation of, 180 
— , preparation of, 027 
- reaction with hydroRpn cyan id c, 003 
Ethyl phenoxyphenyl eidfide, preparation uf, aon 
Ethyl phi<iiylaoetate, aoylatinn of, 864 
— , reaetion with benzene, 678 
— , — ohloroucetyl ohlorido, BOO 
rearranffpment of, 704 
Eihylphenylbutane, preparation of, 622 
Ethylphenylcarbamyl chloride, reaction with pv- 
rene. 201 

Etliylphenyloarbinol, reaction with aromatic 
rompoundc, 024, 080 

Ethyl phenylglyoxylatc, reaction with dimetliyl 
aniline, 088 

Ethylphonylpentane, preparation of, 622 
(EthylphBnyl)phBnylmethylsuccmiB ncid, prepa- 
ration of, 405 

Ethyl P-phenylpropionnte, preparation of, 651 
Ethyl n-prnpenyl ketone, preparation of, 754 
Ethyl propionate, preparation of, 768 
Ethylpropiophenone, preparation of, 21P 
EthylpeeudoiBatin, preparation of, 418, 450 
Ethylreeorcinol, reaction with acetyl chloride, 3.^5 
Ethyl salicylate, ethyl ether of, reaction witli 
beiiBoyl chloride, 807 

Ethyl sulfate, reaction with benzene, OBI 
— , — naphUialene, 082 

Etliyleulfonyl chloride, complex with BJuiuinum 
chloride, 54 

— , reaction with benzene, 208 
Ethyltetrehydronaphthalpne, reaction with rh- 
nthylmalonyl chloride, 274 
Ethyitetrelin, preparation of, 107,^ 464 
Ethyl thienvlxlyoxylate, preparation nf, 872 
Ethylthienyl hexyl ketone, preparation nf, 374 
Ethyl thienyl ketone, preparation of, 872 
Ethylthiophene, reaction with acetyl chlnridi*. 37-1 
— , — benaovl chloride. 874 
— , — nrantnylic chloride, 874 
Ethyltoluenee, formation of, 704 

preparation of, 112, 010 . , , 

Ethvl p-tolueneiidfonate, reaction with benewir, 

^-Ethyl-Y-tolylbutyryl chloride, ring closure of, 
406 

Ethyl tolyl ether, reaction with bromal. 147 
— . — chloral, 147 
— , — dibromoacataldehyde. 147 
— hydrogen cyanide, 004 
Ethyl triohloroaoetate, reaction with bt-nzme. I3fl 
Ethyl valprate, reaction with 

Ethyivalerophenone, preparation nf, 2111, 074 
Ethylxylenea, preparation of, UJ, 130 . , , , 

Ethyl xylyl ether, reaction with mmitylgll ntiil. 

404 
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|*atty polymBnEatiob of, 817 

F«nohone. rsMiticm with Bmuioiun, 785 
F«aiohoiienniiie, prroa»tion of, 785 
Vorrano rfiootioii, 6M 

F«rne chloride, w e oatBlyat, 9. 84, 15B, 17B. 200 
612, 898, 878 

Ferric chloride uid aluminum ohlonile, as a raia^ 
Iwt, 101, 808 

Ferric chloride pluH phenyl tolyl kotone, complix 
with aluminum Bhlondo, 61 
Ferric chlonde, vuooeity relationehip of aolutiun 
of. 27 

Fischer -Tropaoh bmiime ayntliesis, 93 
Flavanihrene. preparation of, 036 
Flavanthrone, preparation of, 059 
Flavonee. preparation of, 896, 411, 430 
Fluoranthene, reaction with carbamyl oIiIuuiIl. 

aoo 

^ , — phthalic anhydride, 624 

Fluorene, preparation of, 481, 441 

— , deniratives, preparation of, 128 177 178 181 

- , reaction with acetyl chloride, 298 

— benioyl ehlonde, 299 

— ohloromethyleneiormamidmc 607 

, — dimethylm^onyl chluridp, 208 447 
— , — hydroam ryanide, 007 
-, — 2-mptriyl-l-naphthoyl ehlonde, 299 
— , ~ phthalio anhydride 524 

— trimethylpentane, 501 

Fhinrenncurboxylic aciils prepaiation nf, 136 137 

434, 448. 408, 664 

Fliiorenpdirarboxamidp preparatimi nf 301 
Fluorenedimethylindandione prepaiatinn of 2D8 
Fluorenonp, renotinn uilli ilimpthylnniliup 633 
Fliiormnneoarhnxylic neiri preparation nf 962 
Flunrrnnnpcarboxvlvl ehlonde, reaction with aiH' 
sole, 800 

— , — bolisenc, 214 
— , — ialump, 255 

Fluoreacent compounda, preparation of 110, U0 
880 

Flunroamylphcneiolp, de-rthvlBtion of, 181 
o-Fluoroanisnle, clpaxagp of 732 
riuornbenspne, reaction with phthalic cnhydnilr 
528 

— sulfui dioxide, 205 509 
p-Phiorobrnzeneeulfinio acid, preporatinn of 265 

600 

Fliinrobnizo\ Ibenzmc and pipparation of 52B 
p-Fluorobenzoyl chloride, reartion with bciirpm 
230 

Fliinroh>dinx\ phenyl fluoiophpnyl piher, prrpn- 
ration of, 782 

Flunmniplhylbpnzmlbpnzoio arids, piepnration 
of 628 

p-Fluornphenetole, de-ethylntion if, 131 
Fhioiophpnol preparation of 732 

- , reaction with benrraie, 180 
— , — chlornbenrene, 181 

— , — toluane, 181 

Fluorc^hpnyl hydroxyphcnyl rlhpr picparatinn 

Fluorotoluenea, rraction with phthalic anhvdndi 

628 

FliihrDtrichlnromPtliHne rnnctiun witli nluinmiini 
chlonde, 778 

rormaldehvde (sec alnn Tnnxvinrtln liop pun- 
formal dehyde) 
fnrmaticA of, 142 
from trioxymethylPDp 642 
intormpdiate from benznip and rhlornnietlnl 
PthvI fther, 142 

rearition with aromatic hydrorarbonR 142 644 
beniene, 642 

benzene and hydroRpn ohloridp 142 
. tnluicip, 645 

FDnnHldeh\de and nnlievlin and polvnipn/ itioii 
of, 817 

Fonnoniide reoitinn with ^-nniihthnl 8(19 
I’lmnic and poniphx viiMi nhiniiiuini rhlundi 
51 

rpiiption with arcimntio livrlrncaTbonh flS4 
riiimip aejrt and alriehyilp-anune ronilpn*iation 
pioduets, rcema from, 817 


a-1 ormnninoaoetoaoetic eider, preparation of, 008 
h orminoBoetylacetone, preparation of, 808 
Fonnyl chloride oxime, preparation of, 160 
Formyl halidea, pieparation of, 587 
Fries reaiTangement, 606ff , 788 , 

Fulminates, reaction with benrpne, 150 
Fulmmie and, intermediate in the preparation 
of aromatic nitriles, 150 
Fumanc and, formation of, 581 
Fiimaryl chloride, leaction with anisole, 804 
, *- ninmatio hydrocarbons, 242 
- biphenyl 288 
— I bromobenzene, 243 
— , — btomomezitylene, 243 
— , — Lhlorotnluene, 242 
2-FuraldBhyde, reaction with toluene, 645 
Furan, acylation of, 200, 376 
— . alkylation of ,20011. 
leaction of, 877 

reaction with acyl ehlondea, 870 
-, — alkyl halides, 199 
-, — hydrogen cyanide, 608 
luran ketones, alkylation of, 192, 200 
Furfural, alkylation of, 200, 202 
— , polymerization of, BIB 
— . preparation of, 608 
— , reaction with alkyl halidca, 193, 202 
Fur DIB acid, alkylation nf 200 
— , rraetion with aromatic hydrocarbons, 477 
— , rhlorobensene, 477 
I uTDic eaters, alkylatinn of, 193 200 
Furopprylene, preparation of 656 
Furoyl chloride, rnaction with furan, 876 
— , — phonnls, 858 

— — phenvl benzoate, 365 

1 iiiovlphpnvl furoatc preparation of, 358 
1 ur>l ethyl kotonw, preparatiim of, 376 
1 uiyl propyl ketoiin preparatuin of, 376 
h/s(a-Furyl)kBtonp, preparation nf 378 
>urvl lipptadecvl ketone, preparotion of, 876 
1 ur\ 1 hydroxvpheny I ketone, preparation of, 858, 

liini phenyl ketone, reaction with ferf-butyl 
rhlnndp. 102 200 

Furyl unoccyl ketone, preparation of, 878 

^3allBCPtophenone, preparation nf, 358 
— , reaction with ethyl aoetoaoctaie, 887 
Gallium chlonde, as catalyst, 104 
Gail ml, orarking of, B2| 

Oasnlmp dpgumming of, 830 
-, dpsulfunzatinn of 838 

— pipparation of 825-8 

snlypiit for aluminum chloride. 25 
Gattc-miann aldehyde synlhesis, 148, 80Dlf 
GattPimann-Koch aldehyde synthenis, 695ff 
Glutarir anhydride, reaction with benzonn 698 
Glutaryl chlonde, reaction with nnisole, 804 
— phenetole, 807 

Glvcino, reaction with aluminum chloride 662 
Ghiol diacetate, reaction with hposene 678 
Guninpnl, reaction with succinic anhvilnde 688 
Guamiul i>HtorB, rearrangenient of, 706 

hvilrocaibniis reaction with pnly- 
luluHPiiBlLrl aliphatic hydrocarbons, 178 
Hslngni nurlpar, activation of, 132 
ITnloKPn leplaCPininit of nuplenr, 130 
Ifiltiarnatnl and halidps, reaction with benrone, 
MSIf . , w 

Halogeuated ocids reaction with hynrorarbons, 

137 

Ilalogiiiaied aldphydea renrtuin with aromatic 
hvilrooiirbons, 144 

Ifaliigmated alkyl benzenes, leaction with aoiit 
rhIoiidPH, 22611 . 

IlitluKPintecl alkyl wlrrs of sulfonic arid, n ac- 
tion with aromatic hvilrocarbons, 106 
HiiluffenatPil aromatic IndrocaibunH, ulkslaiion 
of I73ff .468 ^ ^ 

- , reaction with ethyl chluiooarbonate, 186 
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Halogenatoi aroyl ohlaridMi rMOtion with ben- 

a-HelogeDAted nryl butyntee, rinK cloeure of, 

195 

Halocenated benuene, reaotion with alkyl holiden, 


— , — onrbon teiroohloride, 170 
— , — eth 3 rlene diohloride, 170 
— , — methyl ohluride, 174 
— » ~ cdefiniD hydroearbone, 408 
Hologenated benaophcnona, preparation of, 280 
Hologenated oampounde, of pnoipkorufl, prepara- 
tion of, 107 

— , of aeleniuDi, prqioratioii qfj 107 
Hologenated eBters, ring olnsure of, 804 
Halogenatfld ethers, reaction with aromatic 
hydrocarbons, 141 

Halottenatsd ketones, reaction with orDmatio 
hydrocarbons, 189 

HaloKenated lactones, condensation with liydro- 
carbons, 187 

Halogenatod olefins, polymerisation of, 810 
Hologenated ring compounds of nitrogen in Frie- 
del-Crafts reactions, lOl 
— , reaction with phenol, 186 
Hologenated sqiialcne, reaction with phenols, 183 
Halogrnated succinyl chlorides, reaction with 
beniene, 287 

Halogenated triasines, reaction with phenol 
ethen, IBl 

Haiogenation, aliphatic, 773ff. 

— , aromatic, OlOff. 

— , with cyanogen halides, 148 
Halogen migration, 129, 143, 155, 174, 175. 602 
ni-Halogeno-N-acyl amines, ring closure of, 410 
m-Halogunoalkylbensenes, ring closure of, 3B4 
Halogenoquinasolmes, reaction with phenol, 186 
Halogen substituents, influenre of, 184 
HemunellitenB, reaction with dimethylacrylio 
acid, 470 

HeniimcllitiQ anhydride, reaction with bensone, 
500 


Hemipinic nnliydride, reaction with anisole, 553 
HeptochlorDhezane, preparation of, 774 
Heptachloropropanc, decomposition of by alumi- 
num chloride, 780 
—I preparation of, 775, 770 

Heptadecanc, reaction with aluminum ohlnride, 
822 


Hsptadccyl methylfuryl ketone, preparation of, 
870 


Heptailpcyl p-msthylsenyl ketone, preparation 
of, 282 

Heptarleevl naphthyl ketone, preparation of, 273 
Heptaderyl nitrophononyphenyl ketone, prepara- 
tion of, 879 

Heptadecvl phenyl kstons. 2l2 
Heptadpcyl tetrahydronaphthyl ketone, prepaia- 
tion of, 278 

Heptarirayl tolyl kstone, preparation of, 310 
Heptadeeyl aonyl ketone, preparation nf, 282 
Heptadecvl xylyl ketone, preparation of, 210 . 
HeptametlivlanthraceDB, preparation of, 110 
Heptonaphthenes, reaotion with alummum chlo- 
ride, 824 

Heptane, reaction with alkyl lialidos, 737 
— , — aluminum chloride, 737, 788, 760, 702, 821, 
822 


— , — aluminum chloride, isomerisation of, 788 
— , • bensene, SOO 

— , halogenated, reaction with diphenyl ethers, 
188 

S -Heptanoylaniaole, preparation of, 804 
Bptonoyl chloride, reaction with onisole, 804 
Heptene, rractum with acetyl chlorids, 758 
Heptins, reaction with anyl halides, 700 
Hcptoyloateohol, preparation of, 708 
Heptoyl chloride, reaction with aniline, 881 
— , — bensene. 212 
- , — bensoiiitrile, 880 
— , — Bthylthiophene, 874 
— . — phenol, M5 

Heptovlclilorophenol, prsparation of, 707 
Heptoyloresrd, preparation of, 704 
Heptoyl halides, reaction with mesitylene, 220 


Heptoylphenol. prspMiloii of, 708 

Beptyl aloohol, sclvcnt for aluminum ohloridt-, 


fsrC-Heptyl alcohols, reaction with bensene, 022 
- •, — phenol, 028 

Hepiylbensene, prmnration of, 118, 402 
— , reaction with pnthalio anhydride. 024 
Heptyl halides, reaotion with phenyl ethers, 188 
Hefitylmalonyl chloridB, reaction with p-cresol, 

449 


Heptyl phenyl ketone, preparation of, 212 
HcxebromotriphenylmethanB, preparation of, 176 
Hexachlorobensens, preftaration of, 011 
Hexaohlorobutene, reaotion with aluminum chlo- 
ride, 7W 

HexBchlorocyBlohnBdiBne-l,4-onB-8, reaction 
with acyl halides, 700 
HeKsohloroethans, preparation of, 774 

- , leacLion with bensene, 110, 441 
Hpxachlnropropene. formation of, 776, 777, 780 
— , reaotion with diohloroinethano, 777 

— , — tnclilnroetliane, 777 

Upxadpcane, reaction witli aluminum chlonrip, 
822 

- , — benzene, 499, 600 
Hexadecone, polymorisation of, 798, 799 
ri-Hexadecyl bromide, reaction with ethyl 5- 

brumn-2-furoatp, 202 

Hexadscyl xpnyl krtone, preparation of, 282 
Hpxsethvlbpnzene, comploc with ahuunuiiii rlilu 
ride, 40 

— , preparation of, BI. 88, 450, 400, 684 
Ilexahyrlri>bpiisoiiapUliipne-a,B'-dionp, pi ppaiii- 
tion uf, 400 

HoxahyrlrD-a-roumaranons, reaction wiUi bpiv- 
Zfnie, 476 

HpxahvdrokptnbpnzanthracenR, preparation of, 


Hpxahydrntoluenp, foimation of. 710, 717 
IlexnmPthoxybenzQphpnDne, preparation of. 337 
HexEunPthoxvbipheoyl, preparation nf, 131, 143 
Hpxnmetliylbpnseop, decomposition of, 9 
, formation of, 0, 698 , 718 
Ilexompthylbenzcnp, preparation of, 811T.. 174 
— , reaction with aluminum chloride, 87, 718 
H(*xnmpthv1bpnznphBnone, preparation of, 884 
Hexanp, formation of, 822 
— , dpcrimposition of, 11 

rrai’tinn with acetyl chloride, 07, 745, 746 
— , — alkyl halides, 737 
— , — niuininiim chloride, 60, 738, 792, 821 

— aluminum chloride, isomprization of, 788 
— , — bPiiKPno, BOO 

- , — rlilnrme, 774 
— , ctlivlonp, 788 

- , - ' olpfin oxides, 769 
— , — phosgene, 766 
Hpxanoyl (see under Caprnyl) 
ITexapropylbensone, pr^aratinn nf, 81, 90 
Hexatriarimtane, reaction with aluminum cliln- 

riilp, 822 

Hexene, rpaction with acetyl chloride, 752 

— anthracene, 464 

Ilexpne and butadiene, polymerisation of, 812 

Hexpnp and nai^htha, pDlymerisatinn of, 700 

Hexonoic acid, isomerisation of, 471 

— , rpBrtion with benzene, 471 

Hpxyl slcoholB, reaction with benzene, 81B, 622 

— , — phenol, 628 

Hpxylbenzenp, preparation of, 462 

- , reartion with phthollc anhydridr, 524 
Hexyl bromide, rpaction with fiirnatea, 201, 202 
Hexyl chloride, conductivity of aluminum chin- 

ride in, 104 

— , solvent for aluminum chlnriile, 24 
— p reaction with furoatee, 202 
— , — phenol, 180 

Hexyl halidea, reaotion with diphenyl piliprs, 
reaction with furan esters, 198 , an 

Hpxyl hydroxyphenyl ketone, prepsrntiun nf. 3.il 
llpxyl iodide, cleavogp of, 779 
ITcxvlmalonyl chloride, reaction with p-crpsnij 
449 

Hexylparaoonic acid, reaotion with bensene, 4!w 
Hexylphenbl, preparation of, 180, 028 
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Hnx)l ptienyl ketonej prepantittn pf 212 
Hwl tfaiPDVJ kfltone, prepatstion of 872 
High prawtut lubrioantfl prfpaiatinn < f R41 
Hippuryl ehloiidDi reaction with vRiati Ip 846 
Uimioratrdiol diruethyl pthrr, loiiiniii witlv 
iMjptvl ohloridp 880 

phlpruHoPtyl ohlnriili 831 

Hiiniophtlialio aiihydridt icaciian with bnn/mp 
5M 

HomopyioonUcliul dinlkyl eihcia reaction nitli 
Jivdroffen ryanide, 005 

HnmatetrahydroiMKiimioliiie tolylsulfrinvl dcrixo 
live of prepontion of 417 
Ifydnoriirpic aoid estere leaction with unisdi 
470 

— — benstne 477 47B 

Llyrlra/ine anhydroua Holvent fnr aluininuna 
Dliloride, 20 

Hvdrindane rsaotion with aluminum c lil 1 1 1 
721 

— phenylnluminuin ohlonde iBomprization nf 
701 

Hydrindeiio leactinn with acetyl chloricli 294 

— lienrml chlonde 205 

— — caibnn Dionoxidr 509 

— clilnromDlbylenaformamidinp 007 

— hydrogen cvanide 007 

— 2 mpth\l 1 naphtlioyl chloride 20^ 

— — nxahl rhlmidi 295 

— phthahe anlivdndr 524 

— Riirnnio anhydride 585 

[fydrindene S-aldehyde prLpuratiiiii nf 599 
/9 liydrindoncoarboxvlir and propaiatinn nf 29 1 
Thdrindonm prepaiation of 213 395 399 448 

— iPflrtuin with dimpthylanilmp 034 

2 a Hidrmdonvl ^-propionir nud preparation 
nf 407 

*> dnndylbutyryl chlnrirle rinit UoHurp nf 

jB Ifvdnndvl mpthyl ketnnt proparnlmn f 29 1 
IfvdroanthraconeH formation of 720 
}|\ droll inaphthyl Teaotmn with aluminum ihln 
ndp 721 

ITv rlrorarbnn nih midatiim of 052 


Hydrorarbon ahidgo, recox ery of aluminum rhin 
ndp from 861 

HxdrDOarbonq aliphatic aolation of 744fr 
olkylatinn nf TSOff 

— ilPTompn^itirm of 820 

— — dPKumming of 831 

— dindoriruiK of 831 
ihnmmratinn of 787 820 

— pnlxmpnzatinn of 704ff 820 

— i( fining of 831 

— iiBctinn with nlkylene otiiIi's 700 

aluminum chloride 820 

— - — cBibamvl rhlondp 7B5 

— ' carbon dioxide 705 

— — — nnlogrni 773 

— hxdrngpn halldez 770ff 

— phoagenp 703 

HxdrofRibniH arnmatic effect if aluminum 
Lliloride on 712 

— — halogenation of fllOff 
“ — in gaaoliJip 793 

— * rofining of 832 

ITydrararbona cydoparaffinic (hpp f xclnpariflin-^) 
HxdrncarboM nlehnic (sei Olefinfi) 

Hyilrorarbnna parafibuc rcactirn with ac\l 
halidca 744 746 

— alummum chlonde 738 793 829 

- - aromatic compounds 409 

— rarbamvl rhlondp 746 

olpfinip hydrocarbons 7371T 
HydrnrarboBtynlea pcpparation of 410 
Hvdroolilonc and (sop Hydrogen rhlnndi) 

Hx driNiinnnninyl cldoride reaclan with ihlnri 
gluomol, 850 

Hx droryaniiarbodiphpnylimides riiik rloBiirp (f 
508 

Hydrogenation -dehydrogenation reactions 138 
Hydrogenation ih rvcliration 603 
‘*^1 with alummum chloride aa a catalyst 063 
reyeswbility 486 


llydiogLU Liuimde (net also Uydiogin halidea) 
leartion with tnchloroethyliiit 770 
Hviliutm ililuiide (set aim Hvdrogeii halides) 
ux on nrtjvatuig agent 457 
I nuplix witji aiiilme and aluinunun chloride 
51 

tni lliylben/ene and aliiminuiii chloiidi 48 

liiiH i| lopylbcnseiip and aluminum chluiido 
411 102 

iLULliun witli aliiminH ot oluminifirous ora 
853 

aluminum 846 
aluminum carbide 800 
alummum nitride B61 

— aluminum silindb 800 
— Binvlme 771 

butadiene 772 

fprt butyl alerhol 772 

aym dichloroethvlenc 773 

— ilichlorn-l-propeup 773 

— diethyl ithbi 772 
diolifins 772 

— ethxlene 770 
larjpicnp 772 
rlifins 771 

I rof vli ni 770 
nihlui 772 
tnrhlrrcM tin bill 773 

— “ vinvl rhlnijilt 772 

}lx Irogtn pxnnjilL r mplexes with iiluminum 
(blonde 30 001, 000 
iraition with aLLnaphthuit 607 
— I rt noetic cstPis 608 
nritxl autone 009 
anionic 004 
— KiitliTacene 607 

— — lipnrem 000 

brimnethvl aryl lUipis 605 
m bromciphenetule 605 
f? hrrmophenol 605 

— ciixacrnl 003 
cliloroHnisolLs 005 

— m rhlorophenetDlp 005 
m chlorpphPnol 005 

— chilli Dresorcinol 005 

— (Tpsols 603 
rresDrcmol 003 

— ciosnTCinol dunetlivl ither 606 

— dipthx IphennI 003 

— — dihydroxvnaphth Rimes 003 

dimelhf xvbiphenx 1 604 

— diphenyl ether 604 

— tiiols 608 

(Ihylrne glycol diaryl clliers of 005 
ethylpheni 1 003 

— fiiiorene 007 
furans 008 

homnpyrocntprhol dialkyl ethen 005 

— lix bindmi 607 

— Inrirncaibnus unmatic 001 007 
hx Iroquinoni ilialkyl etbers 604 

— hyrlroxyhydroquinone 004 
hxdrnxxhydrofiuinone trimitbyl rthtr 005 

— misitvlme 600 
mrthvlnaphthalene 007 
nnpbthalpnp 607 

— ~ naphthols 003 

— naphthyl alkyl ethers 604 

— clpfans 007 
OTCincl 003 

— iimnnl dun ethyl ether 605 
phpnanthreni 007 

^ phenanthrol 003 

— I lienctole 004 

— phenols 000 
phenol ptbeiR 000 

— phloToglupinol 004 

pyrooaterhol diethyl etlirr 004 

— - pyrngnllol 003 

pyngallol tnmethyl ether 605 

— pyrrole 008 
resoreraol 003 

— resorcinol dialkvl pthns 004 

— resorcmol methyl ether 004 
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Hydrotm oyuiido. fwotioii with taferalin, 007 
— , — tbioprae, OOB 
— f — th^nl, OOS 

— toluene, 6M 

— , — tolyl Alkyl ethen, 004 
— , trimBthylene glyool, diaryl ethen of, OOS 

— , — veratrolc, 004 
— , — xylenee, 000 
„ aylenole, 003 
— , — xylyl methyl ctlier, 004 
Hj'droBeii fluoride, bb a oatolyit, 873 
— , solvent for Aluminum ohloride, 20 
HydroM bAlides (bm bIbo Hydrogen bromidp 
ADd hydrogen chloride) 

— , reAotion wltii Blooholf, 772 
— — ethva, 772 
— , — olefine, 770 

— olefinio hBlideBi 772 

Hydrom Hulfide, oomplexeB with aluminum 
chloride, 80 

— , reaction with acid chlorides, 780 
» ethylene oside, 000, 780 
— , liquid, solvent for aluminum chloride, 20 
HydronaphthBlmPB, formation of, 720 
Hydronaphthyls, foimation of, 721 
fl,7^Hydropiperinic Add, reAction with bensezie, 

Hydroquinone, reaction with Bcetylphthalio an- 
hydnde. 007 
— Bcyl chloridee, 800 

— AnthrAq^onedicArboxylie anhydride, 003 
— , — benioquinone, 002 

— diahlorophtliuic anhydride, 040 
— , — dimethylphthalio anhydride, 050 
— , — furoyl chloride, 808 

^ hydroxytrimellitia anhydride, 008 
— , — maleic anhydride, 081 

— methylphthalic anhydride, 000 

— , — naphthalenedicarboxylic anhydride, 560 
-•t — phenylaofdyl chloride, 802 
•», — phthalie anhydride, 082 

— sulfophthalio nnhyrlrideH, BOB 

—, -- thionaphthenedloarboxylic anhydride, 572 
Hvdroquinone diacetate, reairangenient of, 700 
Hydroquinone dlalkyl ^ere, reactinn with 
hydrogen cyanide, 004 

Hydroquinone dibensoate, preparation of, 365 
— , reaction with benaoyl ohloride, 360 

— ifloamyl alcohol, 085 

Hydrfxiuinone diethyl ether, reaction with cinna- 
moyl rhlnride, 829 

Hydi^uinonedimethyl ether, motion with 
acetyl chloride, 820 
— , — beninyl chloride, 82B 
— , — bromoaoetvl bromide, 827 
— , — a>bromo-fl-phenylprcmionyl ehlnrirlr, 330 
— , — ethyl chloroAoetate, 100 
— , — chlnroacetvl chloride, 827 
— , — eiiinamoyl chloride, 829 
— , — diethylmalonyl chloride, 828, 448 
— , — dimethylhvdroquinonecerboxylyl chloride, 
880 

— , — ethvl chlnroglyoxylate, 829 
— , — (methoxyphenyDeuccinic anhydride, 802 
— , — mvrutyl rhlnride, 828 
— , — octoyl rhloridc, 328 
nxalyl chloride, 829 
— , — palmitoyl chloride, 828 
— , — phenacetyl chloride, 850 
— , — propionyl chloride, 828 
— , — valeroyi chloride, 828 
— , — veratroyl chloride, 830 
H^dhpquinone dipropionate, TearrAngement of, 

Hydroquinone ethers, reaoUon with maleic anhy- 
dride, 681 

Hydroquinone methvl ethers, reactinn with mic- 
elnie anhydride, 088 

fl.’v-HydroBorbinic acid, reaction with bensene, 
470 

Hydroxyacetonaphthonee. preparation of. 850, 705 
nydroxyaoetophenonoi, formation of, 676 
reaction with ethyl acetoacetflte, 678 
o-H>rlrnxvaniBole, cleavage of, 720 


Hydroxyanthraoene, reaotion with phthoUe anhy- 
dride, 082 

Hydroxyanthraqainonei formation of, 702 
rsaotion with aluminum chloride, 009 
H^oxvanthraquiuoneB, preparation of, 028, 080, 

Hydroxybeniofluorenonm, preparation of, 600, 054 
Hyilrnxybenioio acid ethyl ester, reeotion with 
bcnsoyl chloride. 867 
— , — plitholDyl cUoridB, 867 
HydruxvbunBophenoneB, preparation of, 250, 204, 
696, 768 

(Hydroxybenioyl)aarylic acid, preparation of, 081 
(HvdroxybenBoyl)bonzoic BoidB, preparation of, 
631, 582 

(Hydroxybenx(Wl)hydrQXybchBophenoneR, prepa- 
ration nf, 7 d6 

(IlydrnxybeninyOmethylbonsoiB acid, preparatinii 
of, 557 

(Ilydroxybenaoyl)propiDnic acid, preparation nf, 
5B7 

Hydroxvbiphenyl, preparation of, 181, 726 
llydruxybutyrophenone, preparation of, 708 
Hydroxy(chloroBooto)phenoneB, preparation of, 
703 

Hydroxy cinnamaldefayde, formation of, 783 
Hydrnxvcnufnarina, preparation of, 678, OBO 
Hvrlruxv-p-rymyl methyl kotone, preparalinn nf, 
853 

TTydruxyrlesoxybDDBoin, preparation of, 858 
Hydruxydibenzaiithranuinonc, preparation nf, 550 
HvdrnxvdibenEnpyrcnequinonps, preparation nf, 
654 

HydroxvCriimethylbensciyDbenzoic acid, preparu- 
tlon nf. 552 

Hydrijxy group, ^ activating effect of, 174 
Hyrlroxyhomothianaphthene, preparatinn of, 425 
Hydroxyliyilroquinone, reaction with nitmconic 
anhydride, 583 

— , — dimi’thvlphthalic anhydride, 556 
, — hydrogen cyanide, 604 
— , — hydroxy trimeliitic anhydride, 508 
- , - - iiipthylphthalio anhydride, 556 

- naphthalenedicarboxylio anhydride, 560 
Hydroxyhydroquinone trimethyl ether, rnirtiim 
with acetyl ohloride, 888 
-, ^ nniaovl chloride, 885 
, benxoyl rhloridc, 834 
, — rinnamnyl chloride, 884 
- , — hydrogen cyanide, 605 
, — pnonanctyl chloride, 885 
— , — propionyl chloride, 884 
Hvdroxyindandionee, preparation of, 437 
HydroxyiBOpropylmethylacetophenone, prepara- 
tion of, 704 

HydroxsTiaopropylmethylbemophenone, prepnrn- 
tion of, 704 

Hydroxyumvalerophenonn, formation of, 720 
Hydroxy keto acids, preparation of. 528 
Hydroxy kotonoB, preparation nf. 727 
Ifydrnxy laetonaB, furmation of, 510 
Hydroxylamins, reactiona with arnmatir, hyilrn- 
narbuna, 167, 640 

O-Hydroxymeaitylene, preparation of, 708 
Hydroxymeaityl acetate, reartion with p-tnlvl- 
bensoate, 086, 708 

Hjrdroxymcthoxyalkylindandiones, preparation 
of, 449 

Hydroxymethoxybenaaldehydes, preparation of, 

604 

HydraiymethozybeniDylbenioic acids, prepara- 
tion of, 558 

Hydroxymathoxyahaloone, preparation of. 829 
Hydnixymethoxy(elilornacetn)p]ienone, prepara- 
tion of, 821, W 

H^hwxymeihoxyohlorochaloonn, preparation nf, 
H^draxymathoxylndandionn, preparation of, 823, 

HydroxymethmyDctophenone, preparatUm of, 

828 

Hydrngmethoxy phenyl amyl ketone, preparation 

HyJmym ethoxy phenyl ethyl ketons, prsparntinn 
of, 705 
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HydrcflCymBthossrphanyl propyl krtnnr, pii'pRm- 
tioa of, Ton 

Hyditnymotboxypropyliuirtophenniip, prrpamtinn 

Hyf^rocymetfaoxyvaleroplienrine, pipparatinn nf, 

128 

H^ognG^li^to|^^ennnm, prppnratinn nf, SOR. 

Hydro^iUfltliylalkyliniJBniliiincfl, propaiatinn uf, 

Hvdnnc^ethylanthnquinonefi, prnparation of, 
888 

HjlgoiymethylbfliisAldohydeR, preparation nf, 

llydrosymethylbenBanihroquinone. preparation 
of. 660 

IlvilroxymethylbeneophBnnni?, proparatlnn of, 300. 
007, TOO. 720 

(HydroxymethylbenzoyObenzoic anirlN, prepora- 
tion of, 582 

HydrcncymethylbenEoyOnitrubenzoic aoitlA, prepa- 
ration of, 650 

HydroxymBthylbutyrophenonefl, preparation of. 
aOO, 708, 708, 720 

7 - Hy dr oxy -i-methyl-S-butyrylooumarin , prepn- 
ration of, 707 

Hydroxyiu^hylohaloone, preparatinn of, 310, 354 
Hydroxymothylf ohloroacetolplienone, formation 
of, 727 

HydroxymethylcDumarinoarboxylic acid, prepa- 
ration of, 080 

^droxynethylcrotonophenonp, preparation of, 
4B2 

Hydroxymethyl deaoxybenioina, preparation of. 
353 

Hydroxymethylhydrindone, preparation of, 704 
Hydroxymethylindandione, preparation of, 447 
Hydroxymethylnaphthanuinone, pieparation of, 

582 

Hvdroxymethylnaphthaiarine, preparation of, 

583 

(HyrlroxymethylnitrobenzoyObcnzoic acid, prepa- 
ration of, 550 

6-Hvrlroxy-8-methyl-4'-mtrobeiiznplirnone, 
preparation of. 72B 

HvdroxymethylphenBoyl chloride, preparation nf, 
70S 

Hydroxymetliylphenyl mothoxyph cnyl ketnne, 
preparation of, 300 

Hydroxymethylpropionylcoumarin, preparation 
of, 707 

llydroxymethylpropiophimone, preparation of, 
300 

Hydroxymethylpropylindandione, preparation nf, 
487 

Hydroxymethylthianaphthene, preparation of, 

484, 443 

HvriroxviiiethylthiobenzaiiilideB, preparation nf. 
860 

Hydroxymethyl trimetlioxybonzoph onone, prepa- 
ration of, 083 

Hydroxynaphthaoenequinone, preparation of. 532 
Hy^oxynaphthaldehydee, preparation of, 003, 

H^droxynaphthalenethioanilide, preparation nf, 

HvdrDxynaphthalio anhydride, reaction with 
nhlorophthalio anhydride, 644 
— phthalic anhydride, 534 
Hydroxy-peri-naphthindandione, preparation of, 

449 

(H^roxynapbthoyObenzoic acid, preparation of, 

Hydroxynaphthoyl chloride, reaotlon with ani- 
eole, 800 

— , — benaene, 251 
“» — toluene, 252 

Hydroxsmaphthyl beneyl ketonee, preparation of. 
700 

^-Hydroxy-O-aonaphthyUO-nitroquinazoIine, 

4,£!SM(Rydroxynaphthyl)-2(phenylBmina)- 
1,8,5-triaaineii naation with naphthnl, 307 
Hydraxynaphtnylphenyl ketone (see Bmzoyl- 
naphthol) 


( llvilroxynaphtliyl)quinazoline, preparatim of, 

IRZ 

llvilfiixvnnplithyl lolyl ketone, preparation of, 
252 

ImtHydroxynaphtliylHriazinn, preparatiim of, 

161 

llyiiroxynilrilee, preparatinn of, 149 
Hyrirnxynitrnaci’iophennne, preparation nf, 879 
Uydroxyrntrulieii/upliononea, formation of, 845, 
729 

liydrDxypHlnntnphenone, formation of, 729 
H vdrox vpen Lameth oxyb enzoph^onc, preparati on 
of. 833 

nydmxypeiylenB, preparation of, 050 
Hydroxyphenanthrenequiuone, preparation of, 

064 

HydraxyphenylBBonaphthol, foimation of, 781 
Mydroxyphenylbenzofluorone, preparation of, 431, 

442 

(HydroxyphenyObenzophenone, preparation of, 
eOB 

biz-Co-Hydroxyphenyl) other, foimation of, 720 
(HydroxypheDyl)diplienylmethanB, preparation 
of, 030 

Hydrozyphenyl fiiroato, proparalion of, 868 
bitfHydrnxyphBnyOhytiroquinDnB, preparation of. 
Ml 

btiCHydroxyphenvOmenthiuiB, preparation of, 183 
(UydroxyphenvOphenylalkanee, preparation of, 
030 

llvdroxsrphenylquinaiolme, preparation of, 102 
bi^rHydroxyphenyOrubber, prcpxration of, 182 
btiCHydroxypheuyl^triDhloroeihane, preparation 
of, 147 

(HydroxyphenyOtriethylmethane, preparation of, 
628 

flyili-oxypbenylxanthane. preparotion of, 031 
Hvdroxyphthalic anhydride, reaction with 
m-rreeol, 569 

Hydroxypropinnylnaphthalene, preparation of, 700 
llydroxypropioiiylthianaphthene, preparation of, 
376 

Hydroxypropiophenono, formation of, 727 
HydroxypropylCDumaranone, preparatinn of, 448, 
464 

bw-(HydroxyquinDyl)phthaljrlp, preparation of, 
3B0 

HvdroxyetearoylbcnBoio acid, preparatinn of, 864 
llvdroxytetramothoxybenzoylbenzDic aCid, prepa- 
ration of, 662 

fl-Hydrnxy-2,6,7,B-tEd.ramBtbylehrDmoiie, prepara- 
tion of, 706 

Hydroxythianaplithenecarboxylic acid, prepara- 
tion of, 426 , . . , , 

Hydroxythianaphthenpcarboxylyl chloride, prepa- 
ration of, 423 , , 

Hyrlroxythianaphthone methyl ether, Bcylation 
of, 376 

Tlvilioxythianaphthenee, prepBration of, 426 
IlyrlioxythiDnaphtliojD bduI andidc, preparation 
of, 300 

Hviiroxythinbenzanilidp, preparation of, ^ 
fHvdroxytoluyOpropionip auirta, proparatlon of. 
5H7 

Ha tlrnxytriinellitiB anhydride, reaction with ani- 
niatiD compounds, 567 , . # 

lIvdrnxvtrimethoxyacetophenonB, formation of, 
727 

2-Hydroxy-4,8,4'-trimethoxybpnzophenon^, 
preparation off, 836 , 

HydroxytrimethylaoBtophonone, preparation of, 

Hvdroxvqiiinoline, acylation nf, 3W . 
Hvdm^o coinpnimrle, ddiydroRenation of, 150 
HvMtnrozin, pn-piiration of, 523, 530, 582 

Imidps, hnloRenat^, aryl aubstitution in, 148 
, — , reaction with beniene, 152 
Imiclnformyl chloride, formation of, m , 

IminnfoimvlcnrbvlammB, complex with alumi- 
num rhloride, 601 
Tndan (see Hydrindene) 

Imlandionee, preparation of, 318, 840, 430 , 445, 
448 
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IndanoiMi (mb HydrindoneB) 

Indaathronea, proparitioii of, 844 
ludB&B, uylation ud polymoriiatian of, 905, 811, 
818 

Indigoid dyes, proparation of, 428 
Indimtin, reaetlon with diraBthylaniliiiB, 888 
Inhibiting offeot of aldohyde group, 101-103 
earbo9iyl group, 102 

— keto group, 102 

— nitro mup, 104 
nog Corine, 177 

— ring halogon, 174 
IntermolBCulBr del^drogBUHtion, 658 

— ring eloBure, 428 
Intramoleeulu' oondauatiana, 640 

— raarriuigenientB, 05 

— ring oloBure, of hBlogonated nitrogen oun rnm- 
pounda, 812 

— , — Bulfur campinmdB, 415 
loclinB triohloride, roaotion witli bonBono, 115 
lodoaoBtophenone, preparation of, 216 
lodobeniene, oomplex with aluminum chloride, 4B 
reaction with acetyl chloride, 215 

— — beneoyl chloride, 217 

— , — iodobenxoyl chloride, 282 

— — ieobutyl chloride. 175 

— , — phoephoruB trichloride. 168 
, — phthelic anhydride, 527 
lodobrazenesulfonyl chloride, reaction with ben- 
sene, 267 

lodobensophenone, pmaration of, 217, 231), 231 
lodobenspylbenaoic add, preparation of, 527 
lodobensoyl chloride, reaction with benisene, 230 
— , — iodobeniene, tt2 
lodo-terl-butylbenBane, prepamtion of, 175 
lododunethoKybenBoe, reaction with alurainum 
chloride, 605 

lodoothylthiophene, acylation of, 373 
Iodoform, pr^eratlim of, 770 
lodonaphthBlone, reaction with eluminum chlo- 
ride, 608 

lodonitrobensoyl chloride, reaction with bimzenB, 
257 

lodophenyl phenyl sulfone, prepamtion of, 267 
lodopropionyl chloride, reaction with beneenp, 
220 

lodothiophene, acylation of, 878 
Ionisation of al^l halides, 60 
Ionisation studies of alkylation sveteme, 31 
Iron chloride (see Ferric Chloride) 
iBatiA, fireparation of, 507 

reaction with dimethyl aniline, 683 
Isatln-a-anilide, preparation of, 508 
laoBcenaphthenMimethylindendionp, preparation 
of. 207 

Isoamyl- (see also Amyl-) 

Isnemyl acetate, reaction with bensene, 674 
Isoamyl alcohol, complexes witli aluminum chin- 
ride, 52 

— , reaction with ohlorobonsenp, 028 
— , — hydroquinone dibonsoate, 085 
— , — piipnol, 827 

Tsoamylbnisene, preparation of, 81 
Tsnnmyl bensoate, preparation of, 0B.5 
— , rpaction with boiBene, 674 
Isoamyl bromide, reaction with ethyl 5-brnino- 
2-furoate, 202 

iBCMumyloatechol, preparation of, 706 
Isoamyl chloride (see also Amvl rhinride) 

— , reaction with acetanilide, 187 
— , — aniBole, 180 
— , — hensene, 81, 05 
— , bromobensoie, 170 

— , — ferf-butylbenipne. 710 
« ehlorobensene. 176 
— , ^ naphthalme, 108 
— , Bolvents for aluminum chloride, 24 
Isoamylcydohexane, reaction with aluminum 
ehloride, 824 

iBownylena, reaction with phosgene, 784 
Isoamsrl iodide, deavage of, 770 
leoamylmalonyl Dhloride, reaction with p-creeol, 

440 

Isoamylnephthalone, preparation of, 106 


Isobinephthyl, fonnaticn of, 720 
iBobutane, farmation of, 800, 714, 710, 787, 824 
— , reaction with acetyl chloride, 744 
, — aluminum chloride, 821 

— n-butenee, 741 

— • — carbon monoxide, 705 

— ethylsDc, 787 

— olenns. 741 

Isobutene (see Isobutylene) 

laobutenyl phenyl ketone, preparation of, 218 

lenbutoxy-4-propionylbenEene, preparation of, 

307 

1 nobutyl alcohol, reaction with ehlorobensene. 
023 

— , — phenol, 027 

Inobutylbenxeie, preparation of, 91 
Inobiityl bromide, ipuctiun with nnisolp, 180 
— , — bensnie, 31 

— cTBByl pthpra, ISO 

— methyl 2-fiiruate, 200-1 
, ~ naphtlialene, 106, 100 
— , — jB-uaphthyl methyl ether, 187 

— toluene, 80, 82 . 85, 713, 716 

- — m-tolyl methyl ether, 180 
— , — xvlene, 83 

— , reduotion-ehlorination of iiitrnbpiizpnp, 1B4 
Isobutyl butyrate, reaction with benisenp, B7N 
Isribiityl chloride, complex with aluniiiium chlo- 
nile, 40, 101 

• , reaction with anisolc, 180 

- , — hensene, 81, 91, 96 

^ bromobenzenp, 17.5 
-, — m-broinutoluene. 175 
— , — rhlornbensene, 175 
— , — ethers, 00 

— , — iodobenzenr, 175 
— , — isopropylbensrap, 82, 714, 71D 
— , — naphthalene, 106, 720 
— , — phenolB, BO, 827 

- , - “ tulupne, 82 

— , solvont for aluminum rhloiirle, 24 
Ibobutyl ohlororarbonate, reaction with benreiii' 
136, 680 

Iniibiilvlpne, polymrrization of, 796. 797, 799, 877 
— , reaction with acetyl cliloridp, 754 
— , — Rlcohola, 768 
— , — benzene, 92 

— creeol methyl etlipr, 468 
— , — phenol, IBl. 467, 627 

- , — rBHorciiiol dimethyl ether, 468 
— , — xvlene, 463 

iBobutylene dibromide, reaction with benzene, 
113 

Isobutyl fluorme, preparation of, 447 
Inuhiityl hnlidne (eco alen the Ieobutyl hiiliilep 
and butylhalides individually) 
ilphydrohnlDKenation, 94 
~ , TPHction with benzene, 04 
Iflohutyl iodide, reaction with toluene, 82 
Isobutylmalonyl chloride, reaction with p-rre^nl, 
449 

Ieobutyl methyl ketone, preparation of, 744 
iHobutylnaphthnlene, sulfnnnlion of, 106 
Isobutylnaphthyl methyl ether, preparafinn of. 
187 

Inobutylphenol, preparation of, 027 
laobutylnhenyl ether, reaction with propionvl 
chlorioe, 907 

— , rRarrangenient of, 700 

Isobutyl phenyl ketone, preparation of, 212 

TsobutyltoluBne, preparaiion of, 80 

Isobutyl tolyl ketono, pr^aration of, 812, 483 

Isobutyryl chloride, reaction with phenetoln, 31)6 

— , — tetralin, 278 

— , — Bim-m-xylenol methyl other, 318 
Isobutyryl creRol, preparation of, 708 
Isobutyryl-p-oymene, preparation of, 218 
Isobutyrylfluorene. formation of, 208 
Isobutyrylphenetoie, preparation nf, 800 
IsobutyrylxylBnolB, preparation of, 813, 704 
Is ocaproyl catechol, preparation of, 705 
Inochryeofluorene, reaction with N-mcthylcarba- 
mvl chloride, 800 

Isocinohomeronyl chloride, reaction with hfiaKaiv, 
208 
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Inomnatep, aoyUtlon with, 148 
laMibeDBanthrcmB, reaotion with bulfiir rliloriile, 

165 

Jioiltirsiie (see Tetrunetbylbanemrs) 

IsoheptaiUB^ prepantion of, 768 
iBOhaane, roBotum with Blummum chlondo, 821 
iBohexolBOtone, preparation of, 781 
iBOtKiwylbenaene, preparation of, 676 
leoheaylbyilroqumone, reaction with maleic an- 
hydride, 688 

InoneaylbydroqiiiooDB dimethyl other, renrlion 
with maleic anhydride, 582 
leoheRylnaphthaiarine, pr^aration of, 582 
luolauronolio acid, formation of, 781 
, reaciion with benzene, 470 
leomenzatifin, occompanvinff Friedel- Crafts ronc- 
tioM, 04, 87, 202 
— , of cyrlroaraffinB, 787 
— , — paraAbu, 787 

iBomnrizatJona, aliphatic, miacellaneous, 701 
iBotiotaneB, preparation of, 788 
Isoblefina, polymerization of, 780 
— , reaction with hydrogen chloride, 771 
iBoparaffine, preparation of, 737 
Iflopenfane, reaction with benzivie, 500 
— , — phoBRsne, 766 

Isopentenlc add (nee /9,d-Dimet1i}laGry1ir nrid) 
IsophthalDphenonBi preparation of, 240 
iBOphtholoyl ehlonde, reactnin with benzenn, 240 
— , — mothylnaphthafenefi, 280 
— , — naphthalene, 278 

Isoprene, eopolymerization with other hyilruear- 
bone, 808, 812 

— , polymerizaiion of, 803, 808, 812 
— , reaction with hydroRen chloride, 772 
Ifloprene and phonole, resins from, 818 
Innpmne hydrochloride, reaction with aluminurn 
chloride, 804 

lon^ropyl Boetate, reaetion with benzene, 675, 

Tnoprapylaoetophenane, preparation of, 210, 223 
InupTiipyl alconnl (■€« dao Propyl nlrohnl) 

— , reaction with aluminum ohloride, 617 
— eniBole, 626 
— , — benzene, 620 
— , — chlorobenzene, 623 
— , — rhlnronaphthdpne, 623 
— , — creeol, 026 
— , — naphthalene, 023 
“, — phenol, 026 
”, — toluene, 620 

IsopropylaniBole, preparation of, 626 
Tsnpnipylbenzoldpliydp, prppnralinn of, 183 
Iflopropylbensenr, preparation of, Bl, 91, 620, 621. 
691 


rcoetinn with acetyl ohlnridp, 218 

— aluminum chloride, 714, 718 
- , — benzoyl chloride, 224 

— , — carbon monozidp, S80 
— , — uinbutyl chloride, 82, 714, 719 
— , — plithalic anhydridp, 524 
TsopropylbenzoaBafluorpnonp, prepare lion nf, 421 
iBnpropylhenzophpnnnp, preparntinn nf, 214 
iBopropylbenzoyl chloride, rnaction with ben- 
■ene, 214 

Isopropylbiphenyla, preparation of, 107. 464 
iBopropyl bromide plue bnozene, complex sidli 
aluminum ohlnride. 48 

Isopropyl bromide, reaction with benzpnp, 81 
— , — ethylbenzene, 82 

— propylbenzene, 82 
—I — thiophene, 108 

reduotion-ohlorination of nitrobenzene, 184 
Isopropyibromophenylpropionvl chloride, rmR 
rtoBure of, 309 

Isopropyl ohloride, preparation nf, 617, 770. 772 
reution with aoetenilirlp, 197 
^ anisaldehs^B, 181, 108 
— I benialdeln^e, 181, 193 
— I — beniene. n, 89 

— biphenyl, 107 

— I — bnmobeinsene, 175 
— , — butyltoluene, 88 

— creaoh, 181 

— « — ethyl a-naphthoate, 103 


Isopropyl chloride, reactiim with furfural, 202 
— , ^ methyl anisate, 101, 103 
— , — methyl furoato, lOl 
— , — xylene, 82, 81 

Isopropyl chloride, solution of aluminum oblo- 
Tide, conduotiyity of, 88, 84 
, solvent for aluminum chloride, 24 
IsopropylBresols (see also Carvacrol and thymol) 

, prepaiutioii of, 181 

Isnpiniiyl pthur, reaction with bonzsne, 686 
iHfitnnpvlPtliylpup, reaction with benzene, 461 
iHopnipylfurfural, preparation of, 202 
- , leairanRement of, 202 
Isopi opyl-a«]/m -homotetrahydroisoquinoline, 
pipparation of, 418 

a-Isopi opylidene- a-meth ylsrrtonp, prpparatinn 
nf. 745 

Tnupiopyl iodide, deavage of, 779 
— , rractioii Hith toluene, 82 
iMnpropylmBlonyl chloride, read inn with rii'siil, 
437, 449 

Ibopiopylmeihoxybenzaldehyde, preparation of, 
191, 193 

5-1 sopropv1-4-mpthoxy-2-mpthvl acetophenone, 
pi ppn ration nf. 314 

Tsnpiopvlinetlolcaibinol, rcartinn with benzene, 
621, 622 

IsnpropylmrtliylflavDnB, prppnralinn of, 411 
Isopropyl methyl ketone, formation nf, 765 
O-lsnpropyl-B-mrthylplienol (si*e Thymol) 

5- 1snf}!upv]-2-methvlphenDl (see narvecrol) 

6- lHiipropyl-3-methylpheDoxyacetic acid, ring 
elosure nf, ^9 

Tsnpinpvlinethvlphpnvlmpthane, formation nf, 6Zt 
Tsopropylnaphthalenes, preparation of, 105, 106, 
623. 602 

IsnpiopxlnnphthalenB, eulfonation of, 106 
lenpropylphenol, alkylation of, 180 
Tflopropylphenols, preparation of, 181, 026 
Isnprnpylphenvlnrntio acid, preparation of, 488 
IsopropylphenyleinchoniD acid chloride, ring clo- 
sure nf, 421 

Ifinpiopyl phenyl ketonp, formatinn of, 146, 28R, 

Isopinpyl sulfate, TBaction with benzene, 681 
Isopropyltetialin, preparation of, 107 
IsopTOpylthiophene, preparation of, 188 
IsoprnpvltoluenBB (see Cymenes) 
TsnpropvltriiDDthylindandionB, prepaintinn of, 

446 

Isopi opvlxylpnes, preparation of, 82, 01. 676, 719 
— , reartinn with aluminum chloride, 718 
Tsotliinryanatea. reeotipn with aromatir hydro- 
carbons, 262, 506 

— phenol etheiB, 506 
Tanthymol, preparatiDii nf, 181 
IsDVolerophennne, preparniinn nf. 212 
Isovelerothienone, preparation of, 373 
Is^^'ale^oyl ehloride, reaction »iMi npotvlmp 

homoloR, 760, 761 
- , — bonzene, 212 
— . — carvaerol, 854 
, — cyplohexene, 780 
— , — dimetbvlaniline. Bfil 

— phloroglurinul, 366 
— . — propvlphenol, 363 
— , — thymol, 353 

_ , — vinyl ehlonde, 761 
Isnvulernvlphloroglucinol, preparntinn nf, 356 
Isovalcrnylioluene, preparntinn nf, 218 
Isovinlanthrone', preparntinn of, 663 


Ketosenp, chlnrination of, 93 
, rrackin^ of. 703, 828 
decolnrization, 838 
dasulfurization, 888 
— , preparation of, 829 ^ 

- , reaction with ethylene oxide, 770 
Kcleno, reaction with anienle, 470 
— , — benzene, 479 
. biphenyl, 480 
— , — naphthalene, 479, 480 
— , — tet^in, 480 
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Xa«m. FiMtiaD writh v«ntrdle, MD M 

K«(to a^, pf«(>anticn of. <11. 868 

/W*****? ilnmimBii ahlorlde. 8as 
(<y-K^iit^iMphthiaflii*, pupamtini of, 480 
NXotoQholAntiirflBe, prqmntkai of, 888 
Koto grw, J&hiliitiiig offoot ol, 188 

(Keto^^^nMotao acid, pnpontioii of. 407 
^toh^^^Obiityrio Bold, mpmtton of, 5BS 

KetcdMOiiwhmHi, prepantion of. 486 
KetoM, olkylatlaD of. ITS, 174. 18^ 

praiyottett of. iBf iri, aotff., 478, 788. 768 
rooetum^ with mty\ balido. 880 
— oluminiim chloride, 708 
“ umnoiiia. TpS Mi 

rapbeaMDt of haloien in, 185 ) 

—I roMtlon with nrnmatio hvtiro- Mi 

^otfbotti, 188 i 

Ketone vothorie. diaesrlation, 288 
meehininD ol, 808, 111 

o^etep ecyletion end elkylctioD, 222 Mj 

— , of neotivity of eeyl helida in, 204 4 

— , P^er/i modifleetion. III, 218 
— , pdyeubetitutiaii in. M, 228 
— , reectenti, order of addition, 218 
mig doeiiie in, 438 
— . aolvnti. effect of, 210, ill 
Ke^io add dUorides. ae aoylatiog aeentM, 256 
X^phwiyltetrajm, pteparation of. 400 

ssssjares^ 

pripmtion of. 408, 400 Mb 
(K etotetrdi^propionM acid, preparation of. 408 M» 
Ketotetrahydmuiiiolme. preparation ol, 416 Me 

KetoUtianapbihaiee, fonnation of. 415 c 

Mf 

Laetanu. formation of, 387 Mr 

J^aetonee. fomiatlon of, 677. 781 Me 

— , reaotiOB with brasene, 4M 

— , replBOcment of halogeA in. 128 Mr 

lactoM oota-aoctate, emorinatian of, 774 Mq 

LawcmhoKiiie (eee also Undrcyl phenyl ketone, Mr 
etc.) Me 

7-. preparation of, 218 c 

Laumyiearbaiole, prepaTation of, SOI — , 

Lanroyl ^oride^reastion with benzene. III — , 

— , — biphenyl, 882 — , 

— , — carbaaole, 881 Mi 

— , — luran, 676 Mi 

—I — propylene, 784 \ 

Lauryli>enieiie (zee alzo DodBcylbonzene, ete.) M 

— , reeotion with aeetyl ohloride, 218 M 

Lf^-eodium alloys, reaction with dkyl haliiies, 

726 — 

Lrtd tetra-alkyls, reaction of, 786, 787 M 

Liffroin. eolvsnt for aluminum chloridp, 28 1 

Linolenio acid, reaoticm with rubber, 478 M 

Lliueed oil, reaction with aluminum chloridp M 
and craokiny of, 782 M 

Lithium ohlonde, oompletes with alumlnuin ohlo- M 
ride, 48, 18 M 

Lubrioatinf oUs, dewaiinc. 231 — , 

— , improving vlsooeity i^ez of, 881 
, iDwering oongealinc point of, 208 — 

— , preparation of, ill, 216 — 

— , reaction with sulfur, 666 — 

— , refining, 881 

Lnbrleants, addition agents for, preparation of, 

— 

— , preparation of, 88, 464, 478, 800 , 888 

KAegnselum ohloride, oompleKea with aluminum — 
chloride, 44, 48 -» 

Mslaehite green, preparation of, 612 ~ 

Malachite green, inieo, preparation of, 808, 624 — 

Maleio ecid, reaction wiui nothraeene, 470 — 

Maine anhydride, reaetion with all^lhydmqui- 
ncmea, 881 — 

— , — beneenc, 472, 870 — 

— , — p-tert-butyltduenB, 878 — 

— , 8,10-diohloroanthraoane, 182 — 

— , — dlmethylhydroquinone, 882 
— — hydroquinone, 581 — 


anlgfdride, motion with hydroquhicine 

_ ieohe^ydroquinonc dimethyl ether, 882 

— meeityleiie, 878 

. methylmethozyhydroquinone, 882 
, — naphthalwie, 678 
I ^ phenetolc, 878 
, — phend, 681 

’ phenyl ethcre, 678 
- ^-phenoxyBthoxyethyl ohloride, 830 
‘ psnidootimene, 678 
> reeoTcinol dimethyl ether, 878 

— toluene, 877, 880 
, — m-zylene, B7B 

Mnlonio add dinitrOe, reaction with nrnmntin 
hydrooarbone, 608 

Malnnyl bromide, reaetion with nn^niinlilhctti-, 

447 

naphthalene, 446 
. — pen-naphthindandione, 446 
Mhlonyl chloride, reaction witli anthrurmu*, 286, 

. — Bromatio hydrocarbone, 227 
^ ethylbeusene, 288 
, — I-methylanthraccne, 886 
^ naphthalene, IH, 486, 440 

— ^-naphthyl methyl ether, 240, 446 
^ reaorcmol dimethyl etlier, 448 

. toluoie, 288 

— p-tolyl methyl elhcr. 427, 447 

— , (lerivativpB reaction with tetralin, 276 
Malonylmethylanthraoene, preparation of, IH8 
Munganeso chloride, catalyst, 613 
Manganous chloride, complexes with niuminmn 
chloride, 45 

Mechanism of reactions catalyxiKi by uluinmum 
chloride, 57ff. 

Mpnthenes, preparation of, 626 
Menthol, reaction with beiizenp, 625 
-, ^ toluene, 088 

Menthylbenzeno. preparation of, 625 
Monthvl chloride, preparation of, 626 
Mercuric chloride, catalyst, 120 
Mercuric rhloride, oomplexee with aluminum 
chloride, 44, 45, 48 

— , — aluminum ohlnriile and benzene, 124 
— , reection with aluminum, 848 
— , vMTDWty relationship of solution of, 27 
Mercuric iodide, catalyst, 157 
Mercurous chloriilo, Oomplexm with aliuniniiiu 
chloride, 44. 45 

Mercury riialkyls, reactinn nf, 7R7 
Merrury fulminate, formyl chloride oxime frnin, 
150 

— , nitriles from, 160 

Mess con yl chloride, reaction with bromobm- 
zene, 243 

Mesitoyl acrylic acid, pr^aration of, 578 
Mesitnyl chloride, reaction with mesitylene, 221 
Mesitoylpropionic acid, preparation nf, 584 
Meeitylaldehyde, preparation of. 187 
Mesitylene (sec also Trimiiihylbenzrnp) 

— , acetylation of, 220ff., 350 

complexBB with aluminum ohloride, 51, 09, 48 
— , diaoetylation of, 222 
— , methylatlon of, B6 

— , preparation of, 86, 87, 88, 616. 717. 718, 719 
reason with aliphatic acid halides, 220 

— aluminum ohloride, 718 
— , — aroyl Bhlorides, 224 

— , — bensoquinone, 002 


— bensoyldibromoacrvlyl ohloride, 245 

— beniyl chloride. 126 

— carbon monoxide, 866 

~ ohloroaoetyl ohloride, 288 

— chloromethyl acetate, 187 

— chloromethyl ene dibAsoate, 185, 187 

— oinnamoyl ohloride, 248 

— cydohexene, 465 

— dibromofumaryl oliloride, 843 

— dihromomaleio anhydride, 588 
— ’ ditaromomethane, 110 

•- dimethylaorylio acid, 470 

— ethyl chloriiaoetate, 127 

— ethyl oMoroGaibonate, 187 
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MoiltylaM, motion with ethyl iodopropionate, 

— ftnnaryl chloride, 242 

— halogmtcd aliphatic acid ohlnride, 222 
hydroKon cyanide. 200 
hydroaylamlna, 040 

— , maleic anbydnde, 670 

— , mentoyldibromoaorylyl chloride and bm- 

Kcne. 246 

— , — mcaitylglyoial, 404 
— , — methyl dilorooarbonate. 127 
- I — methyl chloroglyoulate, W 
^ phenylaoetyl chloride, 245 
— , ^ pheitylmBthylehloroareine, 171 
— , — phoephonii trichlondc, 108, 109 
• ' , — phthalie anhydride, 524 

— fiiicolnio anhydride, SS4 

— , — Bulfobeneoic anhydride. 600 
< milfur dioxide. 204, 602 

— eulfuryl chloride, 202 
— , — toluauinone, 001 

— , ^ triohloroBcetonitrile, 605 
— , — trimethylene dibromide, 112 

— trioxymethylene, 041 
Mecitylenecarboxylio acid, eteric hindrance iu, 

187 

iMeaityleneeiilfinio acid, preparation of, 509 
Meeitylglyoxal, reaction with bensene hoinologa, 

494 

^ 2,5-diniethylanienle, 404 
— O.O-diniethylphenctole, 4B4 
Mefiityl methyl ether, reaction with acetyl chlo- 
ride, 012 

Meutylmethylpbenylareine, preparation of, 171 
Meeityl oxide, pxmration of, 700 
reaction with beneene, 480 
Bolvent for aluminiim chloride^ 25 
Mcrityleulfoiiyl chloride, preparation of, 208 
Meeityl vinyl ketone, preparation of, 232, 753 
— , reaoilon with naphthalene, 480 
Metal alkyle, reaction with aluminum chloride, 
780 

Metallic ehloridee, oomplexee with alimiinuin 
chloride, heata of fixation of, 42 
-, — table of, 42, 43, 44, 45, 40, 47 
decomposition potentiale of, 23 
— , reaction with alumina, 854 
, aluminum, 847 

Metallic heJide, oomplexi^ with aluminum chlo- 
ride, method of preparatinn of, 42, 43 
Meta-para iaameriiation, 07 
Metathetioal reactions, of haloaenated aliphatir 
compoundB, TTO 

— vrith metal Dompoundfl, 7B0 
Mpthacrylic acid eetere, preparation of, 704 
Methane, reaction with Bluminum oliloride, R21 
Methanol, complex with aluminum chloride, 52 
— , — ana allyl aloohol, 62 
— , reaction with aluminum chloride, 617 
— — liraieene, 018 
— , — olefine, 788 
— , — phenol, 627 

— tnliienc, 010 
”, — m-xylene, 019 

Bolvent for aluminum ohlnride, 24 
Methoxvaoenaphthenequinones, preparation of, 
840, 488, 489, 450, 071 . , . 

o-Methoxybanxil, reaction with aluminum chlo- 
ride, 084 

m-Mothoxybeneoio acid, reaction with phthaloxi 
chloride, 811, 452 

Methoxybeneophenone, oomplox with alum mum 
rliloride, 51 

— . dioarboxylic acid ililactnne, proparation nf, 
811, 462 

— , preparation of, 260 

4-MpthoxybeneopnBnone-4'-arnnniD eoid, prepa- 
ration of, 270 

(MetlioxyboniDyl)beniolo acids, preparation of, 
682 . 
4-Methoxy-4'-benBoylbiphenyl, preparation of, 

Methox^^eoyl ehloridee, reaction with ben- 

MethoaybanBoylooumarone, preparation of, 806 


4-Cp-MethoxytMiBoyl)fliior«noDe, pTeporatloD of, 
BOO 

3,0-bis(p-MBthoKybaBMiyl)peiy1aio, renotion 
with aluminum ehlonde, 064 
(MethoxybtfixoyOproplonio eoid, preparation of, 


hiaCMethnxybensoyl)- (Bee under Di 
Methoxybiphenyl, neavage of, 720 
— , reaction with beneoyl ohloide, 8 


Dianlaayl) 


— , — Biiooinie anliydridc, 689 
Methoxybutyrophonone, preparation of, 208 
p-Mathoxyoinnamaldehyae, oleavajKO of, 788 
Methoxycinnamoyi oblorido, reaction with 
phlorogluoinol, 867, 446 
p-Methoxybiphenyl, oleavago of, 726 
8-Methoxyllavone, praporation of, 411 
Metlioxy group, aotivatii^ action of, 191, 10 
Methoxyhydroqumone diaoetate, reaction with 
aluminum efaloride, 090 
Methoxy(methoxymethylbenBoyl)benBoio acid, 
preparation of, 002 

MothoxymethylaoetophenoneB, praparation of, 071 
Methoxymethylboieophenone, preparation of, 811 
Mpthnxymethylbiphenyl. reaction with oxolyl 
chloride, 844 

2~Mcthoxy-5-metbylhutyTOphenone, preparation 
of, 671 

M ethoxymeUivlehalcone, preparation of, 809 
Methoxymethylhydrindone, preparation of, 410 
Mebhuxj'mBthylhydroquinone, reaction with 

insleic Buhydride, 60 

7-MeUioxy-4-meUiyl-0-nitroooumarin, hydrolyeie 
of, 729 

1- (MethnxviDethyl)-4-phenyloyBlohexane, prepa- 
ratinn of, 146 

bit( M ethox 3 rmethylphBnyl)hydroquinDnB, prepa- 
retion of, 002 

2- Methi]xv-6-metbylphpnyl O-nitropbenyl ketone, 
preparation of, 846 

Methoxymethylphthalic anhydride, reaction with 
umsoie, 552 

M ethoxymethylpropiopbencne. preparation of. 671 
Methoxymettaylvalerophenime, preparation of, 
310, 071 

Methnxynaphthaldahyde, preperatinn of, 004 
AfefliDxvnaphthalBnee (see NophthyJ alkyl 
ethers) 

Mpthoxy^fi-nnphthofurandJaae, preparation of, 
430 

2-MBthi»ynaphthonitrilB, pr^aration of, 140, 161 
Methoxynaphthoylbenxoio acid, preparatiDO of, 

381 

2C4'-MBthDxynaphthoyl-10bensoie aeid, prepara- 
tion cf, 521 

(Metiioxynaphthoyl)inethylhydruidBnB, prepara- 
tion of, 841 .... 

(.Mcthoxynaphihoyl)propiomo aoide, preparation 

2'-Methnxy-l'-naphthylmothyl-2-b«iioyl ohlc- 
ndr, ring rloaure nf, 410 

Mctlinxy-a-naphthyl methyl kehme, preparation 
nf 389 

0(4 'Methnxynnphthyl-l)proplDayl ohlnidB, ring 
closure of, 411 , , 

MsthoxynitrobCTKDphenonee, complex with alu- 
minum ohloride, 51 
— , bydrolyeis of, 729 
— , prepnration nf, 845 

Methoxyphenanthrene, reaction with acetyl idilo- 
ride, 844 

^ propionyl ohloride, 844 
P-n-MethDxyphBnDxyoinneninyl ohloride, rmg 
closure of, 411 

bufMethoxyphenyObu^, preparation of. 80 
27 -Methoxypnenyidlhydrohydnooarpio acid ethyl 
ester, preparation of, 4W 
(Methnxypbenvl) ether, cleayage of, 720 
— , reaction with chloroaoetyl ehlonde, 678 
biXMethoxyphenyDethylene. preparatinn of, M2 
Mpthnxyphenyllutidinc, carboxylic acid ohloridB. 
ring closure of, 422 

P- (p - M eth Dxypheny I ) - o-mothylproplonyl ohlo- 
Tide, ring elcsure of, 410 ^ 

rii\(4 -Meth nxyphenyl )phBnylaceionitnle, prspara- 
tinn nf, 086 
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(Methoxypluinyl)i>hMiiylim(lmniei prepamtiun uf. 
IM 

MeihDxyphoiyl phooyl Btbdn, olsavBgB of, 716 
rcMticn with aoelyl ehlortaep 142 
(MsthoicyplMiiyOphaiylmothaae, prepantion of, 
125i 16V 

bM(MethoxyphaDyl)propylsDe, preparation of, 306 
(p-M«thox5^enyl)pnwiinal(inic acid ethyl 
eater, preparation of, 478 
(Metboayphenyl)ai«aria add, pr^aration of, 473 
(MpthoaQrpliOTyl)BiieBiaio anns^ride, reaction 
with phenol ethen, 332 

bwfM’etiioxyphepyl) aiilfoxldo, preparation of. 500 
Metboxyphenyl trimethosyphenyl ketone, pri>iia- 
ration of. 335, 880 

(p^MBthox3i)henyl)undeoanoia acid ethyl eater, 
preparation of, 478 

bia(MethoKyphenyl)valerolBctona, preparation of. 
500 

Methoxyphthallo anhydrida, reaction with creasi 
methyl ether and xylene, 332, 334 
l-Methcixy-7-pleiadone, preparation of, 410 
Methoxypropionylnaphthalene, preparation of, 
838 

MethcssTrapionylphenanthrene, preparation of, 

844 

o-Mathoxypropiophaione, daaveKe of, 727 
p-Mothoxypro^uiphenonc, preparation of. 071 
Methoxygumoline, reaetion with ohloroocetyl 
ehloride, 800 

Methoxjrrtyi^l trihydroxyphniyl ketone, prepare - 

M^ox^hiobcnaanilide, preparation of, 348 
Methoxviliiophenol, reaction with acetyl chlo- 
ride, 300 

Methoocytolualdehydeg, preparation of, 004 
Methoxytolueneeiilfonyl chloride, reaction with 
benaene, 288 

— , ^ o-methoxytoluaie. 831 
Methox3^iiylaerylJe aoide, preparaeiem of, 570 
Mrthoxytolayl chloride, reaction with pyroaalhl 
danetiiyl ether, 888 

(Methozytolnyl) propionic acida, preparation of, 

088 

Methoxytdlyl phenyl milfone, preparation of, 268 
biffMetboxytolvl) aulfone, preparation of, 8Sl 
Methoocyvalerophenone, preparation of, 671 
(Mpthoxyxenoyl)propionfe acida, preparation of, 
580 

Methoxyxylene, reaction with mnthvHnitannlirJp- 
dirarboxvlic acid anhydride, 578 
Mathylaceantbraqainone, preparation of, 283 
Methyl acetate, reaction with benimr, 678 
Methylaoetic add, preparation of, 765 
Methylacetophenonee, preparation of, 218, 219, 
600. 670, 671. 677 

Methyl aeetyldihydroxyelhylbenxoatc, prepara- 
tion of, 672 

Methylacetylene, reaetion with acpfyl rhloride, 
760 

Methylamyl acetate, reaction with beneene, 676 
Methyl 5-Biny1-2-fiiroate, preparation of, 201 
Methyl aniMte, alkylation of, IBB 

region with iaopropyl chlnride, 101, 108 
Mmhylanthniccnea, preparation of. 100, 113, 110, 
420, 441 

reaction with nxalyl chlnride, 286 
Methylaathniccnecarb^llc aeid, preparation of. 

386 

r(7-Methylbf!nzBl)arcto1phenonc. formation of, 

888 

Methylbensanthronee, preparation of, 658, 680 
— , reaction with aluminum chloride, 680 
Methyl benioate, alMatirai of, 186, 108 
Meilm benioylealicylate, preparatUm of. 867 
Ca-bmhylben^l)phenolfl, preparation of, 620 
Methylbibeniyl, piwparatinn of. 502 
Methylbiphenyl, preparation of. 155, 150 
M8tli^ bramlde, rea^ion with beniene, 88, 80, 00 
^ — naphthalene, 100 . 720 
— , — * nHrobenvene, 194 
* xylene, 00 

3-Met^lbutane, preparation of, 787 
Metbylbutanolidedl carboxylic acid anhydride, re- 
antibn with mpthoxyxylene and p-xylme, 678 


Metliylbuience, polymeriaation of, 780 
Methyl S-fert-nut^-O-furoate, prepatatloa of. 
201 

7-MeihylbutyrolBotone, reaction with benimiie 
505 

— toluene, 405 

MethylbutyrophennDB, preparation of, 671, 210 
N’-Methylcarbamyl ohloride, reaetion with poly- 
nuclear hydroearhonn, 300 
Mi^tJiylDarhaiole, reaction with acetyl bromide, 
801 

— , — phthnlic anhydride, 580 
Metliyl carbonate, raactum with duminum chht- 
ride. 781 

Methylehaloonee, preparation of, 218, 248 
Methyl chloride, prmaraticn of, 617, 714, 717, 71 N 
— , reaction with anllina hydrochloride, 0 
— , beiuene, 8, 81, 82, ^ 86, 87, 80. 00 

— , — p-dibroniobenaene, 608 
— , ~ dibremo-o-xylnie, 175 

— o-diohlorobiniiene, 174, 008 
— , — haloKcnatcd benicnes, 174 
— , — naphthalene, 105, 106, 720 
“ , — toluene, 0, 87 

— 1,2,4-tnmBthylbencenc, 88 
— , — xylene, 82, W, 80 

Methyl -Pi-chloroacetophenone, preparation of, 

071 

Methyl chlnroearbonatc, reaetion ailh heniseiie 
and toluene, 186, 680 
— , — cnmenc, 180 
— . — incairylene, 187 

Methyl chlorofflyozylate, reartion with merntx - 
Ime, 137 

Methyl d-ohlDropropinnnte, prepnrntinn of. 754 
Methylchromanonca, preparation of, 410, 411 
a-Mcthylcinnamic add, reaction with beneene, 

460 

4-MethylcoumBrin, preparation of, 078 
Methj'lcvdobutane, preparation of, 792 
— , reaction with bcncene, 501 
MethylcijTlohexanc, pivparation of, 722, 780 
— , reaction with acetyl chloride, 710, 751 
— , ^ aluminum ohloride, 790, 828 
— , •>- cydopropane, 748 
— , — ethyloic, 748 
— . ~ trioxymetbylene, 043 
l,2-Methylo3fdoheKanol, reaction with benwnp, 
625 

— , — toluene, 625 

2-MethylmlohexanonB, preparation of, 766 
Meth^l^olohezene, and laoprene, polymerisation 

(MrthylcydDhRXyl)benzene, preparadon of, 626 
Mpthylcyolohexyl chloride, reaetion with beniene, 
128 

(Methyl DyclohezyDtoluenee, preparation of, 625 
Mcthylcvolopentane, prepantion of, 721, 788, 823 
— , reaction with acetyl rhloride, 751 
— , — dodoeyl ehloride, 737 
— , — ethylene, 748 

MethylcirolopcntaneoarboxBmide, preparation nf, 
751 

Methylcsrclonentaneoarboxylyl ehloride, reaction 
with ovdohexene, 760 

fert-MeUiylcyrlopentyl diloridB, reaction with 
phenol, 158 

p-fcrf-( M ethyleyclopentyDphenril, preparnt inn 
of, 1^8 

Methylcyeloprnpane, preparation of. 824 
M ethyl deaoxybenanin, preparation of, 180 
N-Methyldihydrnindde, prepontiini of^ 412 
Methyl dihydroxybenmte, rmrtion with norlir 
anhydride, 878 

MethyKdlhvdrazybaisoyObenaoio add, prepmn- 
tion of, 580 

Methyl dihydroxyethylbcniiNitc, convcrBion to 
elmyda, 609 

reaction with aoetic anhydride, 072 
— , — acetoacetate, 108 

Methylene ohloride, reaction with bensme, in, 
106, 100, 428, 441. 716 
— , — biphenyl, 110, 481, 441 
-ditolylmethaiM, 441 
cxBohforopropene, 777 
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Methyltfia qhloridei iwtion with naphthaleae, 
llO, 71 D 

— , ^ pMudaoumoM, 10, 110 
^ — bahMiM, 10, 100, 441. 710 
— , ^ m-iylcne. 10, 717 
M«thylmeai(ncyi ring, Boiwion of, 704 
MethylfmcphenaathreiM, rmtion witii Bucomic 
aiiJiydrkfe, 087 

(MoUiylBAeph«naiithroyl)propiomo Bcid, prepara- 
tion of, B87 

Mothyl B-ethyl-6-hydroxy-4-m0thylooiimarin-8- 
oArbonyinte, preparation of, 070 
Methylflavonee, preparation of, 411 
p«MethyUliiareneiiarbiizylio acid, preparation of. 


Methyl formate, reaction with beniene, 077 
— toluene, 077 

Methylfuran, reaotion with acetyl chloride, 370 
— , — atraroyl chloride, 370 
Methyl furoate, acylation of. 377 
Methyl 2- furoate, alkylation of, 200, 201 
— , reaction with beiisene, 47B 
Methyl aroup, directing effect of, 80 
Methyl halides, reaction with beneene, 89. 90 
Methylhexanee, preparation of, 788, 822 
8-MBthyl-2-hcienoic acid, reaction with benBcnr*, 
471 

Methyl 5-hexyl-2- furoate, preparation of, 201 
Methyl 4-heiylylaalicylate, preparation of, 705 
Meth yl - aaym -h omotetmhydmbociuinoline, 
preparation of, 418 

Methylhydrindaiecarbozylyl chloride, rcnciiou 
with ohloronapbtlialpne, 275 
— , — a-naphthyl methyl etlirr, 341 
MothyUl-hydrindonea, preparation of, 3D0, 443 
Methylhydroquinoiie, reaction with naphtlinliiie- 
dioartH^lyl anhydride, 560 
Methyl 5-hydrQzy-4-methylGoumari]i-0-carboxyl- 
ate, preparation of, 670, 080 
Methyl iodide, complex with aluminum clilnride, 
101 

- •, reaction with benaeno, 88, 90 
— , •— ethyl bromide, 779 
— , — naphthalffip, 105, 100, 720 
— • Molvent for aluminum chloride, 24, 31 
MetliyliiiopropylBeetone, preparation of, 745 
Methyl 5-iaopropy]-2-furoate, preparatiuii of. 201 
Methyl 3>iBopropyl-4-methoxybenzoate, prepara- 
tion of, 108 

A'-MethyliBOvaleroanilide, preparniion of, 381 
Methylkctnbenzoaiaftuonme, preparation of. 421 
(Methylketriryclnpentaiio)retene, picparaLiuii of, 


Methylketodihydrothlanaphthene, preparation of, 
870 

Methylketotetrahydroquinoline, preparation of, 

Meths'lketotetraiina, preparation of, 404 
Methylmaleic acid (nee Citraronic acid) 
Methylmalonyl chloride, reaotion with p-cresnl, 


— resorcinol dimethyl etlier, 449 
Methyl nurnddato, complex with aluminum rhlu- 
ride, 52 

p-^(Meil^lii»rcapto)tTipheiiylrnrbinol, prepara- 

Methyl mesitylglyoxylate, preparation from 
mesitylene and methyl cliloroglyoxylate, 137 
Methyl(methylbenioyl)benBoiD acid, preparation 
of, 333 


M^hyl methyloyclopentyl ketone, preparation of, 
740, 750, 751 

Methyl 2-methyU8- furoate, reaclinn with bon- 
eene, 470 


Methyl meth 3 ifuryl kctniic, pmpemlinn of, 37u 
Metfajiiiaphthalenetii, preparation of, 105, 100, 
no, 118, 720 • 

reaction with aoetyl chloride, 275 
F - ~ himioyl chloride, 278 

bemoylbeoBoyl ohioridea, 279, 451 
ayaiHNMeftyl ehloridB, 803 


Methylnaphthalenee, reacUon wiUi, diatbyU 
malonyl chloride, 446 
— , — hydrogen cyanide, 007 
— , — methylnaphthoyl chloride, 270 
— , -- napbthoyl chloride, 270 

— phooylacetyl chloride. 280 
— , — phthalic anliydride, U4 

- , — pyrotartorio an^diide, 301 
— , — BUCciniB anhydride, 585 
- , — terephthaloy] chloride, 280 
MethylnaphthdiethylmdandioneB, preparation of, 
446 

Mothyl B-naphthoate, preparation of, 47B 
Metliyluaphthohydrindonee, prraaration of, 403 
3(2'-metliyl-l'-naphthoyl)aoenaphthBne, prepara- 
tion of, 293 

(MpthylnaphthoyObenzoic acid, preparation of, 
230 

Methylnaphthoyl chloride, reaction with ace- 
naphthene, 208 

- , — biphenyl, 284 

— dimethylnmihtholene, 270 

— Auorene, 2n 

— , — hyclrindene, 203 

- . — mpthylnaphthBlene, 270 
. — tctralin, 278 

2c2'-Methyl-r-naphthDyl)Auorene, preparation 
of, 290 

(MptlivlnBphthoyl)iaobutyric acid, preparation 
of, 501 

(Mpthvlnaphthoyl)propiunio acids, preparation 
Ilf, 585 

Metkvl naphthyl ethers (sec Naphthyl alkyl 
elhcrsl 

2-Mrilivl-(8-l'-naphbhyletliyl)-A^-cyclDliexene, 
ring cluRure nf, 488 

Methyl naphthyl ketonoe, preparation of, 271, 
272. 430 

bis(Methylnaphthyl) ketones, preparation of, 279 
2'- M Btli vl - r- (naph thylm ethyl) -2- bcnsoyl chlo- 

ride, Ting closure of, 410 
Mrthylnupnthyl naphthyl ketonee, preparation 
of, 279 

Methyl naphthyl sulfide, reartion with |9-bromo- 
propionyl chloride, 435, 444 
Methylnaphthyl tetrahydronaphthyl ketone, 
preparation of, 278 

1- Methyl-2-naphthylthioBlyDolyl chloride, ring 
rIoRure nf, 425 

2- Methyl-l-nitroBnthraquinDne, cyclisation of, 
047 

Methylnitrobensoyl chloridee, reaction with ben- 
zene, 257 

Mrlhyl oetylphenyl ketone, preparation of, 210 
M ethyl ootahydrochrysene, preparation of. 488 
Methyl p-orsellinate, dimethyl ether of, reaction 
with aretyl rhlnrule, 800 

N-Melhyloxnnilyl chloride, ring olosuro of, 418 
Methyloxindoles, preparation of, 418 
M cthylpentann. preparation of, 783, 822 
, reaction with beoiene, 500 
Methvlphenanthrene, pmparation of, 604 
, 1 faction with succinic anhydride, 587 
Methyl-D-(9-phenanihryl)lieiisoyl chloride, ring 
closure of, 300, 410 

N-Methylphennlhiasinc, reaction with phUialie 
anhydride, 543 

(MFthylphcnoxy)propionyl chloride, cyclisation 
of, 410 

]-MHhyl-2-phenoxy-l-(2-zeiiyl)pthBnol, cyclisa- 
tiun of, 004 

M ethyl (phcii>'laoetyl)naphthalpne, preparation 
of, '280 

2- M ethyl - 1- (4'-ph en vlbenzoyl)naphthalsne, 
preparation of, 284 . - 

2-Mpthvl-2-phenvlbutBne, preparation of, 622 

2- Mi>thyl-3-phpnylbutane, preparation of, 61, 
401 

-,-i\tf'(livi- 7 -phenylbutjTir acid, pi-eparntinn of, 
495 

iMeilivIplienylhutyryl chloride, ring closure of, 

, 

3- Methyl -S-pliBiiylcaproio acid, preparation of, 
471 
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raieUoa with baiwe. CM 

B^sChyt^oiiyloiiiaibcmiii mwI ahlorida. ring olonira 
of. U1 

MBlhylphanylayelaliaaiuia, prapantion of. 1S8 
Mi^lphtayloyolopwtwiei propantlon of, 718, 

bii^-mothylphanyl) other, reootion with oulfur, 

N-Motta3rl-N-<P-pheQyl«lliyl}pb^ chloride, ring 
dflouro of, 111, IIT 

B-Me^l-l-phaiyl-l-hydruidone, prepomtion 
Me^yl-Pitphe^yllaobutyl kotono, prepomtion of, 
Mjrth3rl^toylnophth3dphtholidee. prepomtion of, 

I- Methyl -l-phenylpontone, prepomtion of, 628 

1- Meth^-l-pheiqrlpwitone, prepomtion nf, 828 
S-Methyl-4-phen^pentoa*2-iine, prepomtion of. 

668 

2- Methyl -l-phenytpropone, prepomtion of, 118 
l-MethyUl-phenylpropone, prepemtion of, 623 
a-Methyl-p^henylpropionyl chloride, ring clo- 


M MIgM Iyi ehloride, eompleK with 


Methylphenylpropylmethone, prvporction of, 621 
Methyl phenyl eiildde, prepemtion of, 850 
— , reootion with phthelio enhydride, 540 
— , diehlorodiphenylmethone, 108 

bis(4-Methylphimyl) lulfide, preperetion of, 104 
Methyl pheiwl eidfone, preparation nf, 800 
Methylpnenyf-p-tolylomnie, prepemtion of, 171 
Methylphth^ie anhydride, reaction with bvnMne, 

. — brcmophenol, 557 
, -X ohloroanieole, 557 
, ^ chlorobeniene, 557 
, — Bhlorophenols, 557 
, — hydroquinone, 556 
, — hvdroxyhHroquinonr, 556 
, — phenol, 557 
, — pyTucateohol, 656 
, — rfeoraindl, 656 
. “x toliioquinone, 556 
, — xylenm, 656 
, tduene, 555 

Methylpleiodenonr, preparation of, 410 
Methsd propenyl ketone, prepomtion of, 753 
4-Methvl-7«>propiono]i3rooiiniBnn, rranangpoient 
of, 707 

Methyl t-propionylaolicylate, preperatinn of, 705 
p-Methylpropiophenone (eeo Propinnyltolnfine) 
Methylpr^ylbenepnee, reaction with nliphnlic 
erid holMee, 810 

Methyl-n-propylcorbinol, reertion with atuiiii- 
nimi ohloride, 081 

Methylpropyinyelopropane, preparation of, 748 
Metbylpeeudoieotin, prepemtion of, 418 
Methsrlpymnthrone, prrperation of, 808, 052, 058 
Methylpyrenee, reaction with INT-methyloarbemyi 
ohloride. 800 

N-Methylpyrrde, reoctioii with aoetyl chloride, 

2-Methylp.vrrolp-8-corboiwJlo acid ethyl rnter. 

renotion with oeetvl ohloride, 688 
Methylremrrlnol Cnee Oroinol end rmuirrinol) 
Methyl d-reaoroylote, oonvemion to nldehyclc, 

600 

XX, roaetion with ethyl oeetoacetatp, 070, OM 
Methyl ullcylate, reaction wHh ethyl nceUiaer- 
tot^ 678 

— , — pbtholic enhydride, 634 
Methyl ealicylate, eetem of, reairangniiene of. 
706 

MbthylioJicylic ocide. prepemtion of, 814 
MMyl oelefinnaphthyl ketone, preparation of, 

MeChyMefionanthone. preporetinn of, 270 
Mithylotaoroyl rhloride, renetinn with tetralin, 

I7i 

Methyletilbyl phenyl ketone, piepomtion of, 102 
Methyl tiyryl ketone, reaction with diiiiethyl- 


Methyl nilfote, moetlon with beniene, 881 


otyei-Methyltetrohydroortinolinc, prepamtkm of, 
172 

N-Metogltetrohydrohogninoline, prepomtion of, 

MelSyl tetrohydronophthyl ketonee, prepemtion 
of. 275, 480 

Methyltetmlhi, renotlon with phtholio enhydridp, 

524 

M ethyl thionophthenequinone, prepemtion of. 424, 

Methyl thionophthyl ketone, prepomtion of, 875 
Methyl thienyl ketone, prepemtion of, 872. 873 
Methylthienyl phenyl ketonee, prepomtion of, 874 
0* Methyl -8(8)thlophonthrenonB, prepomtion of, 

Methylthiopheneeorboxylio ocide, prepomtion of, 

874 

M ethyl thiophenaa, reaction with acetyl ahlondc, 

— , earboinyl ehloride, 874 

Methyl etkiv, reactiDn with acetyl chlo- 

ride, 814 

Methyl thymyl ketone, preparation of, 852 
MethyUN-p-tcduanNulfonyOpBeudoieatin, prepii- 
retinn of, 418 

MethyitoluylumbdliferonB, prepomtion nf, 707 
7 -MpthyJ-'y-tolylbutyrio acid, preparation of, 

4U 

M ethyl tolylbutyryl ohloridea, ring clonurn oF, 405 
Methyl t^yl ^era, reaction with acetic allh^ - 
drida, 571 

X- acetyl chloride, 868, 806, 727 

— acyl halidea, 810 

— alkyl halidea, 468 

-X- aniloyl chloride, 800 

— benaeneetilfonyl chloride, 851 

— bencoquinone. 062 

x» benioyl chloride, 811 

— bromol, 147 

— butyl halidea, 180 
butyric anhydride, 671 

— carbeth oxy e reeo l cul f onyl chloride, 361 

— chloral. 147 

— chloroBcelyl chloride, 300, 727 
•x* ^-oblorobutyryl chloride, 812 

— rinnamoyl lAluride, 800 

— creeoliulfonyl chloride, 851 

— cruton>i ohloride, 812 , 444 , 482 
-- riiliromoBoetaldehyde, 147 

— ilichlorophthalic onhydridp, 640 

— diindnphtholir anhydride, 545 

— dimethoxyphtbalio anhydride, 553 

-- dimethyiaorylyl ehloride. 812 , 444 , 483 

— - Pthylorotonyl chloride, 444 

— hydrogen cyanide, OM 

— iBobutcne, 468 

— malonyl chloride, 487, 447 

— meihoxyphtholie anhydride, 562, 534 
X- p-nitrobenci^l ohloride, 845 

— oxalyl ohloridp, 814 

- phenylpropicilic acid, chloride nf. 310 
phthiloyl chlorida, 811, 486, 452 

— propane, 468 

X- propionic anhydride. 071 

— propionyl chloride, 806 

— propylmaloDyl chlorirle, 437 

— auomic anhydride, 588 
— BUlfur dioKkle, 506 

— triehloroaMtonitrile, 505 
-X valeric anhydride, 671 

Methyl tolyT^kriOM (ace MctliylooctoplienoiieB) 
Methyltolylpceudoisatln, preparation of, 418 
MeihsrI idyl aiilBde, reaetinn with acetyl chlo- 
ride, 870 

, — chloraaoetyl ehloride, 370 
, - oxphlhaloyl ohloride, 870 
^-Methyl- 7 x(D- or p-tnIji)valproyl ohloriilo, 
ring doiure of, 467 

Methyl tridUoroaoetatc, rwot&on with benvenr. 
126. 187 
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W »M*Uiyl-»i»i*-trM>liir(iaBrt»iiilid«, ring olwure 
ofi 416 

4-Mei^liimbBlllfBrDiie nten, reamuigeiDont uf, 
767 

MvthylvaleroylunbflUiferoiie. prepuation of, 707 
Metbyl vinyl kstono, preparation of, 708 
Methyl p-xonyl keUw, reaction with acetyl 
ehloride, Ml, Ml 

Methyl xylyl othere, reaotion with aoetyl elilu- 
ride, 811-818 

— , — benaoyl ehloride, 811 
— , a-bromobutyryl bromide, 443 

— , — a-bromoiaobutyryl ehloride, 813, 443 
— , — a-bromopropionyl bromide, 434, 448 

— ehldroaeetyl chloride, 818 

— , orotonyl ohloride, 818, 485, 444, 483 

— dimethyleorjdyl chloride, 818, 486, 444, 488 
— , isobutyryl chloride, 818 

— , — ‘ eueoinic anhydride, 388 
— , — p-tolyl aeetate, 6n, 708 
Miehler'e keUmo, reaction with dimethylanilim*, 
088 

Mierohicidee, biphenyl derivativee as, 182 
Minration, of acyl or alkyl groupi durinn Frici, 
rearranocmente, 700 
— , of helogena, 002 

of nuclear alkyl groupe, 04, 088 
— , of Diielear-bnund acyl groupa, 080 
Mineral oil, chlorination of, 08 
Minenl oil fractiona, ohlorination of, 100 
Mineral oUa, reOning of, 831 
Muak xylene, preparation of. 02 
Myriatoyl ehloride, reaction with biphenyl, 282 
— , — hydroquinone dimethyl ether, 828 

— veratrde, 817 

Maphtha, chlorinated, reaction with hydrocar- 
bc^l 787 

Naphtha, polymerization of olefina in presence 
nt, 700 

Naphtliabenxanthronr, preperation of, 040 
Naphthacene, reaction with N-methylcarbamyl 
chloride, 880 .. 

Nnphihacenediquinone, preparation of, 664 
d-Napbthafurandione, preparation of, 450 
Naphthalene, alkylation of, 103, 100 
bramination of, 611 
— , chlorination of, 611 
— , complex with aluminum bromidr, 101 
— , oonoenaation of, 104 

— , cracking and decompoeition of, B, 0. 104, 823 
— , formatim of, 710 
hydroKenatioii of, 063 
— . m ethylation of, 104, 103 
— , reaction with acetyl chlnride, 271 
— , — acetylene, 489 
— , aliphatic acid halidee. 271 

— aliphatic alcohola, 022 
— , — allvlbenzenre, 464 

— aluminum chloride, 715, 719 , 720, 824 

— terf-amyl alcohnl, 023 

— amyl chloride, 103, 720 
— amyl iodide, 720 

— ,* — anthraquinone-2-carbnxyI.vi clilurnlr. 278 
~ aralkyl and oyrlnalkyl halirlw, 123 
- , — benienediazoniinn chloridr. 133 

— benzoyl chloride, 270, 277, 381 

— benzyl chloride, 123, 720 

— biphenyl-4-carbaxylyl chloride, 27H 
— , — bromobenzene, 181 

bramophtlialie anhydride, 344 

— wc- and fiTf-liutyl alcolml, 628 
— , — ferf-butyl nliloride, 105, 100 

— , — carbamyl ehloride, 200 
— Ohloral anil bmmal, 140 
-^1 — chlorinated paraffin wax. 886 , 887 . 838 

— ehloroaoetyl chloride, 273 
chloroform, 119, 720 

— , — chloroTnethylhenxnvl rhhniile, 278 
- ehloiiiinelhylenefnrmainiHme, 007 
“ , — 3-Dhlnro-0-nitro-4*hyilroxyciuinazn1iiie. 162 

— , ^ ohioropicrin, 138 
-- cyanic acid, 801 
eynnogen balklBa, 140 


Naphthalene, reaotion with cyelopentena, 400 

— oyolohexene, 400 

~ ulohlorobenzoyl ehloride, 130, 878 

— dii^Drodiphaylmeth^e, 126, 481, 442 

— ajym-dioluoroethane, 720 

— diethylmalonyL chloride, 274, 440 

— diethyl sulfate, OBI 

— diisopropylbenaene, 002 

— dimBthylmalonyl chloride, 274, 446 
. — diphemo anhydride, 508 

— diphenylacotyl chloride, 278 

— diphmylimido ehloride, 489 

— dipropylmalonyl chloride, 446 

— ethyl bromide, 105, 100 

— ethyl chloride, 100 

— ethyl chlorooarbonate, 136 

— ethylene, 408, 404 

— ethylme dibromide, 110, 111 

— ethylene halides, 720 

— ethylidene chloride, 118 

— ethyl iodide, 103, 100 

— ethyl nitrate, 683 

— hydrogen cyanide, 607 

— hydroxylomine, 046 

— isoamyi chloride, 106 

— isobutyl bnxnide, 105 

— isobutyl chloride, 100, 720 

— iaophtiiBloyl chloride, 278 

— isopropyl aleohol, 023 
-ketene, 470 , 480 

— mzleiB anhydride, 578 

— malonic arid dinitrilr, 508 

— malonyl halidw, 273 , 486. 446 

— malonyl chloride, 436 

— methyl halidm, 105, 100, 720 

— methyltfie ohloride, 110, 730 

— naphthalenedicarboxylyl anhydride, 360 

— nickel sarbonyl, 720 

— olefins, 404 

— oleic acid. 472, 475 
. — oleyl aleohol, 628 

— oxalyl chloride, 273 

— phenylacetyl chloridr. 278 

— phthalie anhydride. 524 

— phthalides, 4M 

~ polyethylbenzenee, 692 
~ potaBsium eyanato, 301 

— n-propyl bromide, 100 

— propylene, 404 

— pyridinpcarboxylyl cliloridp, 8B7 

— pyromeUitic anhydride, 569 

— n-propyl brnmidp, 105 

— quinolinic enhydnde, 570 

— succinic anhydridp, 385 

— sulfur dioxide, 500 

^ terephthaloyl chloridr, 278 

— tetrabromorthanc, 720 

— tetrachloroethane, 720 

— tetrachlorophthalic anhydridp, 548 

— thianaphthenedioarboxylic acid anhydride, 
572 

— tolyl chlorides, 278 

— tri^loroaretonitrile, 305 

— trioxymethylene, 644 

— vinyl methyl ketone, 480 

— xylene, 002 , 

.jphthalenp-N-p-anmyltriaEnlp. elravage of, 731 

„ Nuphthalenediazonium chloride (for reactions 
!wp Dpnzpnediazonium cliloride) 
Naphthalenedicarboxylyl anhydndn, reaction 
with aromatio hydrocarbnns, 360, 600 
— — chlorcbensene, 500 

— dibydroqiiinizarine, 500 
— , — phenols, 300 

Naphthalmedioarboxylyl dichloride, preparation 

N Hpli thelenp- 1 fi - (2,2'dithi anaphtlienci>d -8 ,0'di- 
rarbraylyl) ohloride, ring ciosiire of, 427 
Ntiphthalone-ethyl bromide, solution of alumi- 
num chloride, eonduntivity table for, 82 
Nuphthalene halides, and phenol, min from, 818 
NarlithBloneeulfinip aoid, preparation of, 500 
Niiiihthalenetetracarboiylio add, preparation of, 
507 
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NmihthAlio anhydride, xeBetion with bomeiie, 862 
(diinfltby]uniiio)phenot, 662 

— phanol, 661, 617 

Naphthyl ohloride. reaction with beuene, 341 
Napbthamida, preparation of, 666, 601 
rcMction with alumiouin olUorida, 046 
Naphthaiarine, preparation of, 681 
Naphthenae, preparation of, 768 

reaction with aluminum chloride, 662 
— , — teioxymethylane, 646 
Naphthindandionae, preparation of, 678, 486, 446, 
446 

, reaction with malonyl bromide, 446 
Naphthiaatin, preparation of, 414, 418, 416, 507 
Napbthontee, nlkylatioii of, 168 
prepnmtion of, 479 

Naphthoainketofluorene, priparatinn of, 426 
Naphthofluorene, reaction with N-methylearba- 
myl chloride, 800 

il-NaphthofurBn-l,3-diDne, preparation of, 656, 

488, 486 

Naphthohydroquinone, reaction with aoetyl- 
phthniio anl^ride, 657 

Naphlhowaoetis anhydride, reaction with Imi- 
■ene, 678 

Xaphthnic BClda, preparation of, 378, 270, 477 
Naphth/tirbenaoic anhydride, reaction with ben- 
eene, 811 

3-Naphtiioi-l-aldehydr (eee Hydroxynuphthalde- 
hydm) 

Naphthol Btliera, reaction with mnlonic acid 
rJinitrile, 608 

Naphthoic, al^lation rtf. 182 
~, reaction with tcrt-butyl chinriile, 182 
— , — chlorinated triasinee, 161, 186 
— <— chloroquinaiolinee, 182 
— , — cyanmyl ohloride, IBfl 
' cyanuryl chloride, eubetituler], 162 

— , • diphenyldichloromethane. IBS, 431, 442 
— , — diphenyllmidn chloride, 436 

— fomiamide, 606 

— halogmoquinaeoUnee, 180 
— , — bydronen cyanide, 608 

— naphthalenedicarboxylyl anhydride, 560 
^ ozalyl chloridr, 366, 488, 460 

— , — phenyl ieothioeyanate, 860 
— , phthalic anhydride, 680, 682 

— , — phtlialoy] chloride^ 866 

— equalenc hyclrohalidee, 1S8 

— , tetrachlorophthalic anhydride, 548 

— zonthydrol, 681 
— , — line cyanide, 002 
a-Naphthoquinono, reaction with aluminum 

chloride, 663 

Noghthothiophenedionc, preparation of, 366, 430, 

Naphthnylacrylie acid, preparation of, 678 
— , reaction with aluminum chloride, and cydi- 
latioh of, 492 

Kaphthoylbeneoic acidn, preparation of, 614, 519 
— , renctimi with aluminum chloride, 651 
Naphthoylbeneoyl chloride, reaction with oro' 
matie hvdrofarbane, 440. 452 
Naphthoyl ehloridee, Toaction with benaaie, 214 

— biphenyl, 284 

dimethyl dinaphthyl ketone, 862 
diohloronaphthalenea, 280 
4,10-dichloroperyleiie, 368 
aphthalenen, 376 
.-pyrene, 261, 292 

NaphUioylnaphthoic acid, preparation nf, 560 
(Naphtho^pnmyl)ben«oic acid, preparation of, 668 
Naphthoyipicolinio aoide, preiMuntion of, 570 
Napbthoylpropionic aeide, praparatian of, 585 
Kaphthoylpyrenm, preparation of, 868 
— , reaction with acyl halidec, 888 
Naphthyl aoetaten, rearrangement of, 706 
NaphthylBcntyl halidee, ring dloeure of, 695, 868 
Naphthyl alkyl ethera, reaction with acetic an- 
hydride, 071 

ACetic rliloridc, 338, 336 
- , aeyl ohlnridia, 388 

alkylmBlonyl ehloridee, 446 
— . nlumioimi chloride, 688 

, — bencoyl chloride, 841 


N^h^l rijyi i(h«g| reacUon with eaibainyl 

— , einnnxiioyl chloride, 841 

— , — chlorinated paraffin wax, 186 

— . — cuwic aeid, 846 

— , — diehloroaoetyl chloride, 316 

— , — diphenylimldo ohloridB, 154, 488 

— , ~ hydrogen cyanide, 664 

— , — ieobutyl bromide, 187 

— , — malmm ohloride, 840, 440 

— , — methylhydrindBnecarboxylyl chloride, 841 

- oxalri ohloride, 886, 840, 468. 460, 461 
— , — phenyl ieothioeyanate, 846 

— , — phthalic anhydride, 621, 581, 588 
— , — succinic anhydride, 588 
— , — tetraohlorophthalio anhydride, 548 
— , -- sine cyanine, 600 

Nagithylamlne, reaction with benxoyl oliluriiU', 

— , — phthalic anhydride, 536 
a-Napnthyl butyrate, rearrangempnt of, 706 
d-Naphthyl ehloroacptate. rearrangement of, 701 
Naphthyl cyanate, reaction with phenol ethers, 
347 

NaphthyldeeaxybenBoin, preparation from 
pnenylnaphthylaoetyl chloride and bejizt'Uf, 346 
2,6- Naphthyl dibenxoate, reaction with Aluminum 
chloride, 051 
rearrangrincnt of, 706 

Naphthyl ether, reaction with chlorinated paraf- 
fin VTfiX, IBO 

1 (19 - 1 - Naphthyl i^tli yl ) -ey rloh exen e , reaoii im 

with aluminum rhlorule, ring cioeuie of, 487 
l(/B-l-Naplithylefthvl)-A'-cyclopentenr, reaction 
with aluminum riiioride, ring rlncnire of, 487 
3(^-1 -NaphthyleUiyl)-A*-Dyc1opentenDnc, reac- 
tirin with aluminum chloride, 4B1 
Naphthyl ethyl ethere (see Naphthyl alk>'l 
ethers) 

(Naphthylm ethyl )benBoic acid, preparation of, 

466 

Naphthyl methyl etlieis (see Naphthyl alkvl 
ethers) 

S-NapUthyl methyl sulfide, reaction with fi- 
bromopropionyl chloride, 435, 444 
— , — chloroaoctyl chloride, 486, 444 
a-Naphthyl phenylacelale, reairnngenirnt of, 706 
Naphthylphenylacetyl chloride, reaction with 
bensene, 240 

Naphlbylpbenylamine, reaction with triaryU 
methyl halides, 160 

Naphthyl phenyl ctlirrs, reection with arsenic 
irichloride, 172, 161, 442 

— nxaly] chloride, 840 

Naphthyl phenyl ketones (ser Bensoylnaphtlm- 
lifine) 

Naphthylphenylphthalidee, cyelisation of, 063 
— , propamtion nf, 440, 462. 614 
a-Naphthyl propionate, rearrangFment of, 706 
^-(Naphthyl-l)propioDyl ohloride, ring closure 
of. 401 

/3-(NBj)hthyl-6)prDpioniyl chloride, nng elosure 

Naphthyl pyridyl ketone, preparation of, W 
a-KapUthylsteario acid, preparation of, 476 
Naphthyl thienyl ketone, cMuidcnsatinn of, 650 
^-Naphthylthioglycolyl chloride, ring closure of, 
435 

Naphthyl Udyl ketonea, preparatinn of. 278 
reaction with aluminum chloride, 6 b 3» 
Naphthyltolylphthalide. proparation of, 452 
Naphthyl valerate, rearrangement of. 706 
Naphthyl xenyl ketonee. preparation of. 378, . 
Naphtiiyl xylyl phthalide, preparatinn of, 4fti 
Neopeniyl chloride, reaction with bnuene, 81 
Nerolln (see Naphthyl alkyl ethere) 

Nickel carbonyl, reaction with benmne or b1k>i- 
benseoee, 566, 716. 717 
— , — naphtbalnie, 786 
Nickel chloride, as a catalyst. 696 
— visoosity nf etlianol eolutionn, 27 
Nicotinyl mloride, reaction with amsole. 850 
— , — bmasne or naphthalene, 8W 
Nltretion, of ring oompoundi^ 199 
— , with nitrogen penarae, 687 
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HHHe oxide, eumpla with elumiiium ohloride, 40 
NitrilM, aeylation of, 880 
— , eon^oxiH with altimieum obloridD, 83, M 
Blipnetio. polyraorisatinn nf, 818 
preparation of, 148. 140, 180. 100, 100, 788 
», raactiLHi with acyl balMBH, 701 
2-NitroaoridQn0, preparation of, 414, 410 
NitroaniiiolB, deavacn of, 725 
— , Teaetion with acetyl ohlorirle, 877, 870 
o-Nitroenuole pliu milfuryl chloride, ddorination 
and deavafte of, 720 

Nij^bcnaamide, reaction with aluminum oliloridc. 

p<^Nitroben«anilidimido chloride, reaction with 
dimethylaniline, 104 

Nitrobenxene, Bcunplta with aluminiun ohloride. 
3S, 68 

— , non-reactivity nf, 00 

— , polymerization nf olcfia^ in the piveence of, 
709 

— , preparation of, 082, 087 

reaction with benzene, 04D, 050 
• -, — chlorine, 012 

^ eUiyl bromide, 104 
- , — methyl bromirle, 104 
-, — dBie acid, 472 
> , — eulfur chloride, 106, 104 

— tutraohlnrophthalic nnhvilridc, 520 . 535 , 540 
reduction-chlarination with ienbiitvl bromide, 

104 

— , — iaopropyl bromide, 104 
— , solvent for aluminum chloride, 25 
m-Xitrobenieneaulfonyl chloiide, romplr*^ with 
aluminum ohloride, 54 

Nitrobenzophenonee, complex with aluminum 
ohloride, 61 

— , preparation of, 073 

Nitrobenzoyl chloridee, complex willi niuminiim 
chloride, 60 

— , reaction with anisole, 345. 340 
— , — aronuitic Dompciunda, 257 
— , — aromatic hydrocarbune, 250 , 257 

— benzanthronequinoline, 300 
*”* — n«cresol methyl ether, 345 

— , — halogenatod lieozone, 256, 257 
— , — phenetole, 845 

(NitrobeazDyl)tetraclilonibenzoic ncid, prepara- 
tion of, 520, 535 , 540 

Nilrnbenzyl ohlnridee, complcxra with niuminum 
chloride, 40 

— , reaction with benzene, toluene and rhlnro- 
bnnzene. 157-100 

— , thermodynamic etudv of rpactinna of, 100 
Nitrocreeolfl, reaction with diinelhoxyphtlialic 
anhydride, 586, 552 

Nitrodihydrpaafrolc, reaction with aluminum 
Rhloride, 724 

Nitrofuran, reaction with prnpionyl chluride, 377 
NitroRCn compnunda, acylation nf, 370 
— , alkylation of, 173, 174, IBS. 107 
— , reaction with aluminum clilnride, 7B5 

— phthniic anhydride, 535 

Nitrogenoua acid chloridea, reaction with hydro- 
oarbona, 148, 300 


Nitroffcooue halidea, aryl aubatitution in, 133, 
148. 157 

Nitroffen oxides, complexea with aluminum clilu- 
ride, 40 

Nitrogon peroxide, reaction with aromatic roin- 
pounds, 687 
— , — beniens, 087 
— ; — ehlorobenzone, 687 
Nitrogen ring compoimda, alkylation of, 197 
Nitrogen tetroxide, oomplex with aluminum chlo- 
ride, 40 

Nitrogen tetraxida and ohlornbenzene, complex 
With aluminum chloride^ 54 
Nitro groiipi inhibiting effect of, 194 
Nitromethane, polymerization of izobiitene in the 
praoence of, 7N 

solvent for aluminum chloriile, 25 
Nitrophenetole, oloavaee of, 725 
■**. raoction with acetyl Chloride, 870 
o-Nitrophenol, preparation of, 870 


Nitrophennxybenzoyl chloride, ring dosare of, 

411 

o-Nitrophnnyl acetate, reaction with benzene, 070 
Nitrophenylalkyl liabdee, in Friedel-CVafta reac- 
tiona, 157 

NitrolphBnvlHiiiuio)bnnzayl chlniiiliw, ring closure 
lif, 414. 410 

o-Nitrnphenyl aryl ketones, prcparaiirtn of, 367 
|p-Nitrophciiyl)L'thyl chloride, rnaetion with ben- 
zine, 161 

Nitruphenylmptlmnc, preparatiou of, 158 
(NitrophenyOnaplithuaBafluorenone, preparation 
of, 422 

(NitrDphenyl)phenylbaiiZQCinchonic acid chloride, 
ring cloBure of, 422 

Nitrophrayl piienyl ether, reaction with stearoyl 
chloride, 370 

(NitrophenyDphpnylnieihanra, preparaliun of, 150 
- , complex with iiluminum chloride, 53 
(o-Nitri)phenyl)pinpyl chloride, rpactmn with 
benzene, 101 

p-Nitroplienyl o-tolyl eulfone, preparation of, 
207 

Nitrophlhalic onhydridea, reaction with hnneene, 
550 

— . — m-creanl, 521, 550 
— , — tnlucnc, 550 

Nitroauarnniatio compounda, preparation of, 157 
Nitroenbeaizene, preparation of, ON 
— . reuctinii with benzene, 16B 
Nitrnsvl chloride, for activation of aluminum 
chloride, B27 

— , complex with aluminum chloride, and ben- 
zene, 40, 63 

reaction with aluminum, 848 
— , — benzenB, 158 

— . reactinna in Fried el -Crafts syntheeis, 157 
Nitrothianthrenp, preparation of, 165, 104 
Niirntolupnca, complpxpM with niuminum ehlo- 
ridp, 20, 53 

— , preparation of, 082 

— , Holvent for aluminiun chloriile, conductivity 
of Holutinns of, 30 

Nitrotoliiphenone, complux with aluminum chlo- 
ride, 61 

Nitrotoluylbenzoic acid, preparation of, 550 
3-Nitroxanthonc, preparation nf, 411 
Nonochlornpentone, preparation of, 778 
Nonane, chlorination of, 08 
' reaction with aluminum chloride, 822 
p-Nonauoyl anisole, preparation of, 804 
Nonanoyl chloride, reaction with anisole, 804 
’ , — phenol, 355 

Q-NunMnnyl-m-orr«nl, preparation of, 704 

Nniiy11)enzpnc, preparation of, 402 

Nnnyl rhloride, reaction with benzonitrile, 880 

OctachloronaphtlialeDp, pr^oration of, 611 
OctnrhlorupentenB, pr^aration of, 777 
rfetadreane, reaction with aluminum ohloride, 822 
Octadecvlbmzene, preparation of, 81, 02 
Dctadecylbenzpnesulfnnio acid, preparation of, 02 
Octadervl bromide, rcaotion with benzene, 81, 02 
, — ethyl 5-bromD-2-fiiTDatc, 201, 202 
OrtahyHmanthracenp, preparation of, 721, 722 
, reaction with aluminum chloride, 732 
Ortnhydrophenanthrene, prqiaration of, 48, 72, 
722 

— , roBctinn with aliuninum chloride, 722 
— , — phthalic anhydride, 524 
Ortamethylanthreoene, from pseud ncnm me and 
dirhinromethane, 110 
n- Octane, isomerizatian of, 788 
— , renrtinn with aluminum chloride, B22 
— , — benzene, BOO 
Octanes, preparation of, 738 
Octanono, preparation of, 740 
Oetanthrme, formation of, 721 
bis-OotanthrenylphenylbutanB, formation of, 722 
Octenes, polymerization of, 788, 700 
- - , reaction with acetyl chloride, 758 
Octene-(l) and naphtha, polymerization of, 700 
Octet theory, in complex fonnatlon, 68 
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NaphtMie Bohvdnde, m«UoB idth beniwa, MS 
— , — (diine^>lainii^phBiial. MS 


Naphthyl ihlonj^ iMatKin with btoiMt, Ml 
MaphthuBida, dnmm^ of, W |U 
m’ •Sis*'* ■lihMaym ddarldt, SM 

NophlhMMine, piopMitisa rf, W 
NophthMM, wnponiiMi of, fM 

iw rttWB with BUdnde, g» 

pnplmtiOB of, tn, iM, 441, 


HI? Wttdqiiyl Imi&idi, 446 

s assa^ r.i.v"’ “ " 

f Sflw h fc wao. pMimtMa of, in 
^ W^^^iitlioi with lf4iMilhylavfa»> 

'a-lJ<41tM, pnpmtiao «(, m, 

tjg nt loa with •aolH* 

"nhydiUo, tmMm with h«i. 

w^AwT oMdi, ptwmte of. m, s», in 
WophthwhcMoiB aohytlrMia, motion with hn> 

*^gjJjj4liol-l-aldihyd» (aae HydroiiyDsphihalile- 

Mg**' nwlimte acid 

=;=ai!isa.'!a>*''* 

— , — ^aaqryl dhloiida. IM 
-t — mmayl eblonde, nubiititiitad, IM 
— , ^phatyldioMoromethaiia, IM. ill. 441 
. — > wphanylinuiio cfalonda. 4M 
- , ^ fnrtaamida. 606 
—4 ^ hatoamoQiiniaMli^ IM 

^rga aari& .g**-'* 


=;:S 


- Iiydnm 
^ pwbiilyl * 


MfMgwyp 



-^libthiaiQ 


; » — liac 

|4^htbyl 


» ■ 
i!S5v4lMh4ll ' 
wMl hWMl 


5S*«2ja«28Sai;ib’% M 
vaSTiwSi* MPU 




rBarrangcnieiit of, 706 

Nwhthyl ether, reacliQii with ehloriiiati<d pmnf 

6n wax, IM 

l(^-loNaphthylethyl>*A^- 6 yol 0 haB«Mi, motion 
jUnmininn ehlond^, nog domire of, 467 
lC^*|.|faphth;3rU4ih3d)-A^*cyelopetit«tip, reBoticm 

“8hl£S? ^ 

fl^tManthyObmirt . mm, yw ywMl M 
Nm^ iMM otlHM 

S.jSSMM 
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dijvw in,(N 

iii 


'T£SZ^^’^^ 


ivtum with 
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. ^ Jmi iifthydride, SSO. m M# 

— , trwiiiotifMi-dilanAntion wilh mobutvl hrnmide 

m 

— , — laoprimyl bromide, IM 

solvent fw eluttiiniim rhlnnrle U 
in-Kitrobraienemilfonyl chloiide, ciimpln «ith 
elumlnum chlonde ff4 

Nltrobaatopheeionfe complex ^ith eluminmn 
Alorlde, 61 
preiMUWiion of 573 

Ifilrobaiioyl cbloridofl, romplpx ^ith eluminum 


..y'ii 


rOMtuMi With enisfilp, 315 345 


.'tvj 


oompounile, 257 

'•Mmntie bvdrnrBrbanR 255 257 
* llpiAniiiroaequinolinp, 890 
^ ^ methyl ether, 345 

ne, 355, 257 




iBOUs ncid, rrrpani- 


v3 end rhloro- 

MiH nf 150 
-tx\ phthnlir 

mum 

•‘e, 377 


StZ&SSf’tS^^ 

- renction Ytith fimsttiia, Joe . « / 

VitioBil eJilonde, for BCtivmtrOil of mtBItiOH 
chloride, 327 

r riinplrx with aluminum chlonde, and ban 
nne 40, 58 

— rpROtion with aluminum, MB 

— — hensesB 108 

— reactions m Fnedel-Crafts syntheeu, 15T 
Nitrothinnthrene, preparation of, 165, IM 
Nitmtoluenps, eomplexm with aluminum chlo- 
ride 29 53 

— preparation of, 582 

— solvent for alumumn chlonde, oonductnitv 
of eolutiona of, 30 

Nifrotoluphenonc, complex with aluminum chlo- 
ride, 51 

Nitrotoluylbensolc acid, preparation of, 650 
S-Nitroxanthone, preparatiOD of, 411 
Nonochloroprntane, preparation of, 778 
Nonane, rblormation of, 93 

reartion aith aliimimiip ohloridet 8U 
n-NonanoT/anisole, preparatioik of, BM 
Nonanoyl chloride, reaction with aniaole, 3M 
. — phenol, B55 

'nnannvl-m-oreaol, preparation of, >M 
^ne preparation of, 553 
'*e, reaction with baoaonitrile, 830 


Oc 

Dot 

Octar 

Ortad 

dahyii 

reao* 

qtahy- 

733 

r 


halae, preparatum of, Oil 
nraparation of, 777 
wfoi all 


‘^ration 

add 


iuminmn chloride, 822 



n 

*'«' of, 02 

V 92 


and 
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of. 71 
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Oeioyi ehloiide, raaetioii with hydroqiihioiie di* 
lUDthyl ether. Stt 
— , — phond, 855 

ft-Ooto^ ohtoridp, rmctinn with dHitetbasyunyl- 
benseneip 890 

iert-Oelyl lUenhdlff, rveetKin with phe&ol, 680 
OotylbcnicHie. pn^pMiioii nf, 461 
reaetkm with aoetyl ohloridB. 819 
— , — benanyl ohluridp. 314 

— phUialic fuiliydridAp 584 
MC-Ootyl iodirtBp eileavefn of, 779 
Ootyipbenol, reotition with bentene, 688 
Oo^thionhene, seyUtian of, 874 
Oeouitbyl oloabol (see Heptyl eloohal) 
Oeoutbylic Mid (see HepWie Mid) 

Oenenthylyl obloride (see neptoyl Mloride) 

Oil, desidfunvetiun of, 881 

leAninc of, 881 

Oils, high moMoulsr weight, prepsrstinn of, 111 
— , vegetsble, orsokijig of, 788 
— , esgetable, poiymwiSBtion of, 817 
OlafiiUo seide, rewitioo with benieni;, 471 
OleBnio bolides, reoetion with hydrogen bolideH. 
778 

Oleflnio uides, TMOtUm with hydrooarboiM, 769 
— , — phosphoryl chloride, 785 
Olefins, sll^l holldwi from, 178 
— , olk^tlon with, 181 
^ ud eorbosolo, rsoinB from, BIB 
— Slid dioldliis, oopolyiiierisation of, 807 
~ and dUilefiu. polymeriMtion of, 812 
— , cdilarinated, reaction with chlorinatrd pnref- 
lino, 775 

BomplMoo with aluminum chloride, 48, 101 
halogenation of, 778 

— , polymerisation of, 798, 798, 818, 824 
ren^ons with acyl halidea, 752 
-, - aloohola, 788 
— , — aliphatic acids, 768 
— , — aluminum ohlorido, 70 
^ anthraocne, 484 
— , — biphenyl, 488 
— , cydohaanp, 748 

, — hydrogen chloride, 771 
— , ^ hydrogen cyanide, 607 
— , — hydrogen halides, 770 

— isobutana, 741 
— , — naphthalene, 464 

— , — pamffinie h^rooarbnnii, 787, 740 
— 'i — phenanthrene, 404 

— phenol ethers, 487 
-, - phenols, 178, 488 

— phosgene, 749 
^ teMin, 464 

uses of polymers, 799 

Olsie acid, reactum with aluminiun oliloride, 400, 

— , ^ anisole, 472, 478 

— , — anthracene, 472 

— , ~ bensene, 460, 472. 474, 475 

— bensene and ethylene dichlmide, 887 
— , — bromobensene, 475 

— , — chlorinated paraffin wax, 841 

— chlnrobenseiie, 475 

— — naphthalene, 478, 475 
— , — nitrobenicne, 478 

— pbenetole, 478 

— , — phenyl ether, 475 

— rubber, 475 

— tolMne» 475 

— , — sylne, 478, 478 

Oleyl aeetate, raetion with bensene, 478 

Olc^ alcohol, rcMthm with bensene, 080 

— naphthalene. 888 

(Mive oil, polymvisatlon of, 817 
OrcBoetophenone, preparation of, 850 

reMtiOT wl^ eth^ aoetoaoetate, 070, 086 
Oroincd, raaotion with acetyl chloride, 885 
— , — hydrogm eyanide, 008 
— , — Bine cyanlda, 608 
Oralnol diaeetate, reUTanpBmant of, 705 
Oroinol dhnathyl ether, raaotion with ncetyl 
chloride. 181 

— , — hyarogm cyanide, 608 


Orchiol msthyl athar, raaotion wHh suooinio an- 
hydride, on 

Organic oninpouiuts, oomplexps with aluminuni 
onloride, 48, M 

Orientation, in Frirdnl- Crafts imotioiis, 05, 173, 
100 

Oxalio acid aetns, rviictuiii with f erf aromatic 
aminea, 874 

Oxslyl bromide, rrartion with beiisono, 885 
Oxalyl chloride, reaoiiDn with aeeto-d-naphthyl- 
amide. 888, 410 
, ^ ammas, 488 
. - anisole, 804 

— anthraMOf 885, 480 

— arylamines, 414 

. N^aiyl aminoanthraguinonQS, 881, 481 

— l^bwtf i^hraeene, 388 

. — bensyliJsnapbsnylhydrnunp, 481 

— bianthryl, MO 

— bibensyl, M6 

, — biphenyl. 487, 450 
. — bitolyl, 283 
, — bixybrl, 882 
, — Ghloroanthracenes, 888 
. — ohlorotoluenei 885 
, ~ dichloroanthraEBnea, 288 
, dimethoxynaphtUalenB, 840, 460 
dimethylbiphenyl, 487, 450 
. ^ diphenylamine, SM, 414, 418, 451 

— diphenylmethane, 284 

— ^-cthoxynaphthalcDB, 840, 450 

— ^-N-ethylaminonaphthalene, 388, 418, 45] 

. — ethylanilme, SM, 450 

. — ethylbaniene, 885 

— hydrindene, 308 

. — hydroquinouc dimethyl ether, 320 
methoxymethylbiphenyl. 344 
— S-methoxynaphthalime, 340 
■ a-metlioxynaphthalene, 830 
> ^-inethoxynaphthBlenc, 450 
, — d-methylanthniciine, 280 
— N'lfiDODBryl amino- an thraquinones, 410 

— naphthalene, 278 

— a-naphthnl, 480 

— ^-naphthol, 850, 438, 450 

— |9-naplithyl benxyl ether, 340 

— naphthyl methyl ethers, 840, 438 

— ^-naphthyl plinivl ether, 340 

— pbenetole, 307 

— phenol, 807 

— N -phenyl aniline, 450 

— phenol ethen, 814 

— phenyl sulfide, 870 

— resorcinol dimethyl rlhrr, 828 

— retene, 890 

— N-substituted aromatio amines, 450 
^ tetrahydroBcenaphthene, 297 
, — tetralin, ^0 

— thiocresol, 424 

— thionaphthols, 869, 488, 450 

— lolupop, 288 

— tolvl methyl ethers, 814 

— triphenylmpthano, 284 
veratrole, 818 

, xylenes, 388 

Oxalyl chloride, aryl amine condensation prod- 
ucts, ring closure of, 418 
Oxidation, in the presence of aluminum chloridR, 

9BI 

OximsR, dehydration of. 150 
Oxindoie, preparation of, 418, 418 
Oxygen, polynuclear ring compounds, motion 
with slky] halides, 202 
— ring compountls of, alkylation of, 174 

Palmitic acid, reaetioo with aluminum ohlorids, 
782 

Palmltoyl chloride, lUMtion with anisole, 804 
, — alkyl bsDsensB, 320 
, — bensonitrile, 880 
, — biphenyl, 288 

, — hydroquinone dimethyl ethi^ 888 
, — reeoreinol dimethyl ether, 888 
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Mnltoyl BlUarkU, raMtion with tetrftiiii. S76 
— , — tmirole, BIT 

MautQylhydrqquintinB dimethyl etlier (see Di- 
iii«iUic^nalmito|>henone) 

FBpaverMjdine, clpBVBge af, 781 
PftpiiverBldoliiie, formatinn of, 7U 
FuwlBiiid hsrdrdcarbnnH (me Hydrncarbnnii, pnrHf- 
flnio) 

oilflf onusking of. 828 
PurAOn wax, Bradung of, B2B 

laaotion with aluminum chloride, 841-2 

— aromatip ethera, 188 

—i — aromatie hydrocarbons, 888, 838 
— , — bemena, 838 

— , — ohloriiiated oydio hydrooarbona, 888 

— biphenyl, 886 

— , haloaromatio hydrooarbona, 176 

— naphthalene, 888 
— , — deie acid, 841 

— phenols, 840 
refining of, 882 

Peraifina, chlorinated, reeetion with aluminum 
chloride, 840 

— , — aromatic hydrocarbon^ 887 

— , — , — chlorinated olefine, 775 
— , — , — diphenyleno oxide, 201-8 
— naphthalene, 887 
"Parafiowe,*' preparation of, 886, 840 
Paraformaldehyde (aee oleo Formaldehyde and 
Irioxymethylene) 

‘-o, reaction with aromatic hydrooarbona, 147 
— , — beneene, 041 

— bmiiene and hydrogen chloride, 644 
Pexaldehyde, Bolvnt for almniniim chloride, 25 
Peanut oile, cmeking of, 782 
Pentecenediquinone, preparation of, 568 
PentaohlDrobenaene, preparation of. Oil 
Pentachlorobutadiene, prepantion of, 780 
Pentaohlorobutane, prepmtion of, 777 
Pontachlnroethane, reaction with eluminum rhln- 

ride, HO, 780 

— beneene, 110, 441 

Pentachlorophenol, preparation of, 612 
Pentachlorophenyl eaters, pr^aration nf, 760 
Pentaohloropropana, preparation of, 770 
Pentaooeane, reaction with aluminum chloride, 
708 

Pentadeoane, chlorination of, 88 
Peniadecanoyl chloride, reaction with tetralin, 
870 

— , — vemtrole, 817 

Pentadeoyl tolyl ketone, preparation of, 218 
Pentadecyl smyl ketone, preparation of, 282 
Fentamethylbeniene, demethfdation of, 87 
Pentaethylbeusene, preparation of, 81, 88, 458 
— , reaction with propionyl chloride, 220 
Pentamethoxybeniophenooe, preparation of, 836 
Pcntamathylbensene, preparation of, 0, 81, 82, 83, 
86, 87. 00, 718 

— , reaction with aeetyl halide, 820 
— , — alumhium chloride, 718 
methyl halide, 88, 87, 00 


j phoMenc, 884 

PentameUi^bensophenone, pr^aration of, 224 
Pentane, meet on conductivity of eolutlona of 
alumhnim idilorida, 80 
— , formation of, 11, 828 

reactkin with ae^l ehloride, 87, 744 
— , — aluminum chloride, 787, 808 
— , — beniene, 480 

— caibemyl chloride, 740 
— , — carbon monoxide, 707 
blelin oxidee, 700 
Pentene, ayollntion of, 702 

PentenB-2 and cyolohexa diene, polymariiatlon of, 
BOO 

Pentene-2 end ieoprene, polfmierleation of, 804 
Pentenea, polymerisation of, 708, 700 
— , reaotion with bcneenB, 408 
Perchloroetfayleiie, preparation of, 780 
reaction with beneene. 441 
— , — chlorine, 774 

Perhydroanthraeene, fuematiDn of, 782 
PeriHa oil, oraoking of, 782 


Perinaph thane, reeetion with beneoyl shloride, 

Pmylenp, chlorination of, 011 

fonuatiun of, 480, 442, 048. 715, 720 , 721 
reaetiDn with brneoyl ehloride, 282 

— chloroaoetyl chloride, 282 
-- chlorobenioyl ohloriilea, 282 

— ryanuric halidp, 151 

- A^-niethylcarbamyl ehloride, 800 

— phthabc anhydride, 524 
— , — tnluyl ehloridee, 200 
Perylenedicarboxylyl ohloridee, reaction with 

aromatic hydrooarbona, 242 
3,10-PeiylenBquinone, complex with aluminum 
chloriae, 51 

PerylBnequinonee, pr^ration of, 054, 658 
Petrolatum, purification of, 882 
Petroleum, cracking of, 825 
— , decoloriiing and deeulfuriiing. 881, 888 
— , hydrogenation of, 865 
—, rrfining of, 880 

— , treating with aluminum chloride, 7 
Petroleum ether, polymerisation of olefine in the 
prpBOnofi of, 708 

— , solvent for aluminum ehloride, 25 
Petroleum industry, usee of elummum chlnridp 
in, 820 

Petroleum oil, solvent in alkylation, 188 
Petroleum reeiduee, polymerieation of, 818 
Phenaoetin, preparation of, 855 
Plipnacclonitrile. reaction with acetyl bromide, 
380 

Phnnacptyl chloride, reaction with hydroquinone 
ethers, 830, 831 

Plienacylacctono, preparation of, 406 
Phenaovl aloohol, from acetylvyctdlyl cliloride 
and bensene, 252 

Fhenacyloyolohexaneacetie aoid, preparation of, 
S74 

PhenacyloyolDpentaneaoetiD aoid, preparation of, 
574 

9-Phenalone, preparation of, 401 
Phenanthrenequinone, complex with aluminum 
ehloride, 51 

— , preparation of, 050, 654 
Phenanthrene, bromination of, 68 
• pomplexm with aluminum oblorids and eeid 
ehloridee, 50 
oonilensatlon of, 1B3 
reaction with acetyl chloride, 288 

— ecrylic acid, 470 

— aluminum chloride. 721 

— bensoyl chloride. 209 

— chlorri and bromal, 140 
— Dvanuric halides, lol 

— diethylmelonyl chloride. 280, 447 

— dimethylmalonyl chloride, 447 

— hydrogm cyanide, 007 
— Dipfinp, 464 

— plithelio anhydride, 824 

— propionyl ehloride, 280 

— propylene, 404 

, — o-toluyl chloride, 288 
Plipnanthrme dibnimide, preparation of, 88 
Phenanthridnne, reaction with phthalio onhy- 
dnde, 538 

Phenanthrol, reaction with hydrogen cyanide, 
BOB 

— , — propionyl chloride, 858 
l(^-0-PhenBnthrylethyl)-d^-oyclohexeiic, ring 
cloBurp of, 489 

K/f-B-PhenenthTylethyO-A'-eyolapentene, ring 
rlosure of, 40 

^-(2 or B-PhsnanthiyOieobutyryl ohlnlde, ring 
rlosure of, 408 

D-O-Phenanthiylmethylbeneoyl chloride, ring clo- 
sure of, 8W, 410 

jS-Cl-PhenenthiyOpropionyl chloride, ring cloeure 
of, 402 

Phsnosone, preparation of, 057 
2-/l-Pheoethy]-A*-DyolohBKenone, reaotion with 
aluminum chloride, 181 
Phenstole, deavage of| 725 
— , oomplex with aluminum chloride, 52 



m 
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j motioii with toyl hilidtit 300 

— . ^ ftdipie anhydride* AM 
>-* 1 bwieoyl obJoritJe, 307 

— beneoyl eyenide, BB3 

- . ^ bani^ alcohol, 039 
. — branal, J47 

hronoaoetal, 147 
— » bromoaoetyl obluride, 807 

- , o-bmnobenioyl ohkinUo, 807 

— butol obkiridtti. 300 

« oarboo daulfide, 510 

— ehloial, 147 

*- chloral awtatc* 147 

— ehloNaoetyl ehloride, 300 
— , — ehlorophenylantliron^ 141 
— . ^ omnamoyl ohloride, 307 
— , — oyasie acid, 348 

", " lUbromoaDetaldehyde, 147 

", " diahlQroacctyl chloride, 807 

", " (dich]oro-p-^anuiio)bBnAnyl chloriflp, 170 

", " 5,5-diehloratliuuithmie, 110 

", " diphanio anhydride, 503 

", " dutaryl ehloride, 307 

", " nydragen cyanide, 004 

", — m^eio anhydride, 570 

", " nitrobenacyi chlonde, 345 

", " oleic add. 471 

", " oxaly! chloride, 307 

", " phmoayHCetyl chloride, 307 

", " phenyl iaothiocyanate, 848 

", " phoiphonis tnohlondo, 168, 100, 101 

• — phthaleyl chloride, 307 

", " praiiionyl chloride, 800 

", " auccinie anhydride, 588 

— " aulfur dioxide, 500 

" thiony] chloride, 350 
", " thionhiiefene, 301 
o-Phenetoleaco-H-nanhthpl, elpavaar of 731 
Phenetovlvaleric acid, preparatian of 504 
Phonetyl pbenoxyiiiethyl keloup, prepurntifin nf 
307 

Phraptylphenvlanthronp, preparation of, 141 
Phenol (aee aim Phenolc) 

— , acylation of. 811 

— , alkylatinn ot 182 

", chlorination of, 012 

", oonipliROB with aluminum phloride, 52 

— , deuteraticm of. 01 

— , preparation or, 130. 158. 052, 710 

", leaction with aoetyl ohloridp, 355 

", — Bfwl halidtt, 355 

— , " alwyoiic halide, 188 

", " aluminum chloride, 046 

— , — acr-amyl alrnhol, 827 

— , " fprf-amyl alcohol, 028 

", — tcrr-amyl bromide, 180 

", " aiobeni«De, 158 

", " benchydrol, 030 

", " benaoquinone, 001 

", " benayl alcohcdt 020 

", — bromobencyl chloride, 184, IBS 

", " aee -butyl alcohol, 800, 627 

", " tere -butyl alcohol, 179, 180 , 027, 028 

— , — butyl halidra. 174 

", " earbon dioxide, 508 

", " chloral, 147 

", — chlorina, 012 

- , " ehloroacetyl Dhinride, 858 
", " ohlomhenevl chlondpo, 184 

- " a-chlorobutylbenxene, 183 
", " chlorophwte. 10, 108 

", " ^-chloropnipinDyl rhloride, 358 

", - diohlorodimethyihexanei, 182, 482 

--, " diethyl ethar. 684 

", " diiaobutylcne, 487 

", " 2*5'^dliiurtliyl-l,8-hexariieAe, 407 

", " 2,5-dfaBethy1hmnp-3,5-dini, 032 

", " dimethylpbenylearbinol, 681 

", - difdefliM, 487 

", " dipeoteiMdihydniohtoiide, 183 

", " ethyl aoetOBoetate, 078 

", " ethyl MHuA, 887 

", — ethylpheinrlcariii^, 830, 085 

", " fatty acid cfaloridea, 354 

", " fnrcyl eUeride, 358 


Phenol, naethm with haloccnoquhuiolinei. 130 
, " hydriMD iwiaide, 808 
, - hept^ flhkvida, 554 
, " frri-heptyl alcohole, 028 
< terC-hexyl alcoliob, OW 
> lert-heayl ohloridp 180 
, " laoamyl alcohol, 027 
, — iHobutene, 027 
, " leobutyl alcohol, 037 
, " iaobutyl chloride, 08, 027 
, " ledbutvlene, 181, 417 
. " loopropyi aloolicl, 028 
, — maleic anhydride, 581 
, — methyl aJeohol. 627 
, " In’t-metlildqyclopentyl chloride, 188 
" inethyldiphoEwlcarbindl, 330. 081 
, — mathylphthnbo anhydride, 557 
, " naphthalie anhydride, 500 , 087 
, — (erf-octylphanob, 038 
, " uxelyl Bhloride, 807 

pUenyleoetyl chloride, 353 
■ phenyl leothioeyanato, 800 
, — phenylpropyloarbincil, 680 
. " 8-phenyipyraioleoouiDanuQne, 087 
, " phthalie anhydride, 581, 532, 030 

— propylphenol, 027 

- rubbtf dlbromidp, 182 
— Mpermaopta. 078 
•- Miualene dodpcabromide, 183 

, " equclpne lipxahvilrohioinide, 183 
" aucciiuc anhydride, 587 

- U^LraBhlorophtliBlio anliydridp, 548 
" tptrametkylietrahvdrofuiiin, 503 
" tnchloTDBoetonitrils, 605 

— trirliiorobnuyl chloride, 185 
" inuiDbutyl borate, 081 
-- triphenyfoarbinol, 081 
> - vinyl halide, 183 
" xniiihvdrol, 331 

, eeiubbn for tfrt-alkvl IibIhIp \npor, 180 
Phenol anil nomipin, rpsinB, from, 818 
Phonnl and hcneoirichlnrulp, reninn from, 817 
Phenol and enlfur diolilonile, rrainn from, 817 
Phenoldiphoneui, dimethyl etlipr of, prepHnition 
nf, 502 

Phcuol retPTB, preparation of, 182 
Phenol otlipm, alkvlnlmn of, 173, 174 
— , aromatioitv nf. 200 
, rlpavape of, 718 

reaction wjlli cryl halidpn, 180 , 302 

— alnohole. 020 

— alkylmainn^l rhlnriden, 430 

— aryi ieotliinrvnnntcc, 348 
" bmmal, 147, 041 
" ^-bramop 

— earbamyf 
" oUnral, 147, 041 
" esranogon bromide, 140, 100 
" cyanogen hnlidm, 140 
" cyanurvl rlilorifln, 182 
" 1,8-diolpliM, 408 

— diphenyliraidn chlorides, 154 
" hnlngmated rnmpnunda. ISO 
" haloirenntiHl tnaeuiM, 101 
" hvdrogpn evanide 000 
" inothioryenatpa, 500 

— mnleir anhydride, 578 

— naphthyl ryanate, 348 

— olpiOnM, 407 
" oxnlyl chloride, 314 

— phenyl eyaiiolp, 347 
" phthalie anhydride, 530 
-- fmerinio anhydride, 587 

— nulfur dioxitlP, 600 
" thionyl chloride, 850 
" tliiophocgeae, 351 

, -- tolyf cyanate, 847 
— , " nine cyanida, 002 
Plipnnilo cetert, rearrangemmi of, 300 
Phenolnephthalehfi, preparetion of, 301, 887 
Ph»atphth*lHli, imauAuM i>f. W. HI, tH. 7112 
Phmolfl, auction with iiolveiiti, 874 
alkyliticn nf, 1T«. IH, 178. IB 
", eomplexM with cluminum chlonde, 52 
", formed by cleavage of phenol ethers, 723 


iimropinnvl rhloiidps, 424 
yl chlorirlp, 347 
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tbrnHn, nMttoB nUk ilaolibli, IN 
•m., — ailM hdida, 178, 188, U1 
» udkyl ■ieniiolf, 188, 888 

— buorj iMUcUi, 178 

^ ohlorisAtad puftffin 'wax. MO 
ohlMiMted MO 

-*• oblorobewl obloridM, 185 
— , — oraokad MMne. 467 
— p — mmiryl ohluride. 152 

balogenatad methiuie derivatives , 178 
lialwnated quinasulmB, 161 

— halocsnatad rinf eompouiids of mtnigi'n, 
MS 

^ halafmted squaleno, 182 
— , — hydrofen evaiude, 600, 602 

— imutyl obloridflp M 

— oltf Of, 178. 406 

— pbOBphoiyl ohloride, 271 

— , — phthatio anhydride, OM, 580 
— , — propylene. 9n 

— . ~ thianaphtbenediearboxylio anhydridp, 572 
— . — thiophmediearboxylie anhydride, 571 

— triohloroBoetonitnle, 505 

— unsaturated alkyl halides, 182 
— , -* vinyl Mtera, 470 

— aiuo cyanide, 002 

Pliraiola and dipcntene hydrochloridn, proriutih 
of. 818 

— lAoprme, resins from, 818 

— nsplithalene halides, rrains from, 818 
-- vinvl esten, resins from, BIB 

Phenols, substituted, reaction with fpr£ -butyl 
balidp. 170 

FlieDothiasiiip, preparation of. 666 

reaoticm with phthalic anhvdride, 542 
Phenothioxin, reason with ohloruacetyl chloride, 
275 

PhenoxthinPf preparation of, 006 
Phenoxyaeetic acid, reaction with chloroacctvl 
ctUoride, 362 

Phenoxsracetophenone, preparation nf, 351, 342 
Phenoxyacetyl clilonde, n'action with anisolp, 305 
— , — - benipfie. 251 
— , — phenetole, 307 
— — resorcinol dimethyl ether, 324 
— , — toluene, 251 

4-PhpDoxybpnaaldrtiydp, preparatirm of, 604 
4-FhenozybenEophanone-4^-BrBonic acid, prepa- 
ration of, 276 

(PliPDoaybeBioyl)bensoic acid, preparation of, 
582 

(Plipnoxybenioyl)propionio acid, preparation of, 
588 

^^Phenoxyoinnamcyl chloride, rioK closure of, 411 
^-Phenoxyerotonyl chloride, ring rlosure of, 411 
(Phpnoxyethoxy)ethyl rliloride, reaction with 
phthalic anhydride, 582 

/5''(Pbpnoxvpthoxy)Bthvl ohloride, reuetion wHli 
maleic anhydride. 5B0 

Phenoxyethvl chloride, reaction witli succinic an- 
hj^ride, 5^ 

Phenoxymethyl tolyl ketone, prepexation of, 251 
PhencKyniethyl xylyl ketone, preparation of, 251 
(PhimDxyphni.vl)Btfnric acid, preparation of. 475 
^-Phenoxypropionjd chloride, rinx closurr nf, 410 
P-Phenosythiobensanilido, prepimtion nf, 340 
Phcnylaceiiaphthenone, from naphthylphenyl- 
Boetyl chloride and benaene, 247 
preparatioii of. 888 

Phenyl aeetate. roaetran with benzene, 876 
— , — O'Pbthaloyl chloride, 865 
— . — toluene, 877 
— , p -tolyl chloroaoetate, 708 

— rearranicement of, 667, 708 
Phenvlaceiic acid, reaetion with undecylenic acid 
^ ethyl ester, 478 

Phenylacctone, preparation of, 130 
Phni3dMetonitrile-4-undeooic acid, preparation 

p-pLenylsoeftophenone, preparation of, 480 
PhsnylooetiqdiloraKlucinol, preparation of, 856 
l^en^ a-BOetoxyisopropyl ketone, preparation 
of, 253 

Phsnylaoetyl ohloride, reaction with biphenyl, 2B3 


— — methylnapbthalone, 280 
~ naphttaelm, 278 
— , — phenole. 853 
— , — phlorogluoiiiol, 250 

— , — toluene, cttiylbensena, p -xylene, or mesit- 
ylene. 245 

(Phenylacetyllcydohessne, reaction with alumi- 
num chloride, 490 

Phenylacetylenv, raaotion with aoyl halide, 760 
Phenylacrylic acid, reaction with benzene, 472 
P-PhfmylaiUpyl cliloridD, rinf oloeure of, 408 
E-Phenylsmylamuie, preparation of, 152 
c-Phenylamyl phenyl ether, preparation of, 148 
N-Phenylaniline, reaction with ozalyi ohloride, 
450 

Phenylanthraquinone, preparation of, 520, 040 
Phenantlirone, preparation of, 122, 141 
8-Phenyl-a,^-behzi8uthiBzole, reaction with ben- 
zene. 606 

Phenyl benzoate, complex with eiuminuin ehlo- 
Tide, B2 

preparation of, BID 
reaction with furoyl ohloride, 365 
— , rearrsiiRement of, OM, 703 
PhenylbrazDcinchnniD acid chloride, ring closure 
of, 422 

Plion 3 'ib<meofluDreof> 8 , preparation of, 128, 442 
PhenylbenzopeeudoisBlm. preparation of, 418 
l,4-f)7ii(4-PfarnylbeiUDyl)beiizene, preparation of, 
284 

4'-Phpnvl-2-beDeoylbenzoiB acid, preparation of, 
522, 626 

h7s(p-Pl)enylbensoyl)ethylene, preparation of, 288 
(PljpnylbensoyDpioolimo acid, preparation of, 
570, 576 

Phenyl bensnylsalicylatc, prepjzration of. 867 

1- Pheeiylbutanone-B, preparation of. 756 
(PhenylbutyOphenol, preparation oi, 183, 630 

, reaction with xanthydrol, 631 
Plipnyl 71 -butyrate, reanangemont of, 708 
Phenvlhutyric acids, preparation of,, 188, 460 
7 -PhenylbutyTolactDne, raaotinn with berissne, 

405 

Phpnvlhutyryl chloridp, ring dosure of, 404 
PhpiiyIcBmphoIic acid, preparation of, 405 
PhraylPRmphorio acid, preparation of, 574 
S-Phpnylcsproio acid, pre^ratinn of, 471 
Phenyl carbonate, reaction with chlorine, 012 
PJieuvlchalcono, preparation of, 284 
Plipnyl chloroBCetate, hydrolysis of, 733 
— , TcarniDgFmBnt of, 703 ^ 

Flienylcindionic acid chloride, ring closure of, 
421 

a- Plipnyl cinnamic acid, reaction with benzene, 
409 

Flipnyl cyanate, reaction with benzene, 500 
— phenol ethPTB, 847 

2- PhpiiylcyclonDptio acids, preparation of, 476 
Plipnylcyclohezanp, preparation of, 128, 625, 713, 

710 

— , reaction with acetyl ohloride, 751 
— , ^ eluminuni chloride, 718 
— , sdvpnt for aluminum chloride, 25 
Fhpnylcvcloppniane, preparation nf, 125, 120 
5-PhpnyI-l,2,8,4-dibenzopyrenB, 663 
Plipnyliiihydrocampbolenic arid, preparation of, 
470 

a-Pben>'1-a,j9-dihydroooumardic noid, prepara- 
tion of, 4i7 

a-Plionyl-a,^-dihydrocouniarm, preparation of, 

406 

Phpnyldihydrofuroic acid, preparation of, 477 
Phpnyldihydrohvdnocarpic acid ethsrl ester, 
pri'paration of, 478 , 

TUicnvIdiliydroiaolauronolic acid, preparation of, 
470' 

Phenvldiliydrophenonihreneoarboxylic add, 
prepaiatinn of, 654 

Phimyl ^.^-dhnethylacrylate, pyrolysis of, 608 
— , rmirangcment of, 701, . , , 

Phenyl disulfide, reaction with aluminum chlo- 
ride, 667 

Phpnyl eeters, fonnation of, 858 
Phenyl ether (see Diphenyl ether) 

^-Fhonylethyl acetate, pruparatloA of, 470 
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PliMiykthyl aleoholv. prqMnrtte pfi U9« Ml 
-^TiMStiaB with bwiMMi Ml, 8M 


(Awart^^ oiikrti^, with 

ring doiiira 

l-(iSl^^han 3 PlflthynfiMl«iia. riag olosure ol. 487 
l*>0-Pb(nylttl»l)-h>-ootnlm| mg donira of, 488 
ThnyMli^ trihydrosyphfliiyi kntoooi prnpnratioii 
of, 817 

PhfOyllliifiraw linrivntlTM, promraiioii of, 441 
PtMoyl fiirontn, propnration of, IM 
Fhoosigliitnria ndd. fwothm with bouann, MB 
8^Ffaaiyl|^utaryl ohloride, ring doaiira of, 407 
PhanywoKylio uid, prapamtlon of, 181 


•, rnu cloaora of, 107 
Phen^unthrol, pnporation of, 340, 340 
Phanylpnraoonie lieid. ranotlcHi with bmvM, 
athylbemene, or tdoaia, 408 
3-Phaiiylp«ntM0B«-4, prcpMwtion of, 786 
Phaoyl 'y-phenylpropyl eUiar, prapnration of. 148 
a-Plia^-i^hanylproplonyl onlorida, ring do- 

Phenylpbthnlido, ranetion with banaene, or tolu- 
foa, 400 

N-Phenylphtlialhnlda, raarrangimait of, 711 
7 -jmen^phnelie noid ehlorida, ring dDBure of, 

Pbanyl propaoyl katona (aaa Crotonophanona) 
Fhan^propiolio add ehloridr, ranetion wHh nni- 
■ole, 108 

— p-«raMd mathyl ither, llO 
— . — Taaordnol dbnaChyl ether, 834 
Phenyl propionnta, ranrmiuivanfait of, 708 
d-Phanylproplonie add, praparstion of, 470 
rrartioo with undnaylanio acid, ethyl aater, 
478 

^-PbanylproploDitrila, pfepnration of, Oil 
iO-Phanylpfoptoiiyl ebloride, ranation with aro- 

-r^pisssss&,*8r 


Pbanyl n^haptoata, reairangcoiant of, 701 
O-PhanylhaKnnone^a, prapamtion of, ^ 787 
Phahyl n^hsoata, ranmuiaaoient of, 708 
Phan^haavl add, prapamuoii of, 470 
nienylhyclrfaidDiiBB, preparation of, 800, 485 
Phanylbydroiyiamhie, reaotion with baniane, 647, 
000 

Pbanyliaatin, preparation of, 883 
N-Phanyliaaitin, prapamtion of, 410 
PhoiyliaoarotoniD acid, ranetion with benBenc, 470 
Pbwiyl iaomnnta. ranetion with beniene, 301 
— , — thtophena, 874 

Phenyl ieothioQynnnte, ranetion with nniade, 048 
I haniana, MS 

, — ohloronniade and ahlorophanetole, 840 
, ^ diphenyl ethtf. 840 
, — naphthyl ethyl ether, 840 
, ^ phenetda, 848 
— phenob, 800 

PhanylkatobenBoaenfluorenona, preparation of. 422 
Phenyl land otimpounda, reaction with duminurn 
ohloride, 780 

PhanyllutidineearboiyUa acid ehloride, ring olo- 
Hura of, 418, 431 

S-Phanylmentnane, Dreparition of, 030 
Phenyl mereaptan (lee Thiophmol) 

Phenyl l-(p-niethozybaniayl)benaoBte, reaction 
with alumuium ohloride, 703 
a^Phanylnnphthalenaa, preparation of, 181, 183, 
165 

Phanylnaphthalic anhydride, reaction with bm- 

S-Phenyl-pen-naphtbindone, preparatinn of, 493 
Phanylnaphthonaaketofluorene, preparation of, 

413 

Phniyl-a-naphthylaoetyl chloride, rina rloeure 
of, 808 

(Phenyl- a-naphthyl)amioooxBlyl ehloride, ring 
doaura of, 418 

Phenyl naphthyl katonea (aee Banaoylnaphtba- 
lane) 

PhanyioctadeoBnoic add, preparation of, 460, 473 
Phaayloxdyl ohlorida, preparation of, 0^ 


ring doaure of, 


^■ J||ha^ lgoiilgM ddoride. raaetinn with raaor- 
ring doaura of, 100 

n-PhanyliiroDLoDhanona. oraDaration of. 338 

IH 

Phanylpropylcarbinot, raaetion with pband, 06 
Phenyl propyl 0 tlur» raaotlon with benaoyi ohlo- 
rida. 107 

3-2^PheQylpropyl-l-hydruidona, preparation of, 

Phenylpaeudoiaatia, preparation of, 41$ 

0- Phanylpymaoiaooumaraaona, raaotion with di- 
methylanilina, 688 

, phenol, 087 

Phenyfpyridinaa. preparation of, 188 
Phenylpyridophthalide, raaotioa with banaene, 
400 

Plieoyl pyridyl katonea, prapamtbn of, 868 
PhenylquinaLdinio aoid oklotida, ring doaure of, 

2- Phenylquinaaolina, praparatioo of, 101 

1- Phenyl^uinolme, preparation of. 185 
Phwiquinolineaoetyl chlarida, ring doaura of, 

S-PItenylquindino-B-carbQgylia add ohluride, 
rinjc eloaure of. 418 

Phniylquinolineaarbazylio adds, ring doaure of, 
430 

Phraylquindmedioarbogiylio add chloride, ring 
dOBure of, 421 

PhraylaiUcon trichloridB, preparation of, 173 
Phenylaiporio aoetate, prapamtion of, 478, 475, 
470 

Phenvlstparic alcohol, preparation of. 478 
Phenylauccinir anhydride, reaction with bmeonr, 
toluene, and vemtrole. 501, 802 
Phravl Mulfide (aee Diphenyl sulfide) 

Pheinl aulfone (see Diphenyl aulfone) 

PliNivl Mulfoxide (era Diphenyl eulfoside) 
r la - 2 - Pli en vl - 1 ,3 ,3 ,4 - tetrahydro-1 -naphthalene- 
aoet^l rhlonde, ring doeure of, 308 
Plittnvl tell ally dninaphihyl ketone, preparation 
of, 27M 

d-Phenyltelralone-l, preparotion of, 408 
Phenyl tetrnnipthylphcnvl ketone, preparation 
and ar^latinn of, 0, 234, 360 
Plipnyl thienyl ketone, pr^aration of, 871, 873 
^-Phenvlthiocinnamoyl chloride, ring doaure of, 
424, 4M 

8-Phenyltlijiipliene, prepamtlon of, 188 
Plienvl thvmyl ketone, preparation of, 883 
Phenyltoluylpropionic acids, prepaml^on of, 802 
Phenvl-p-tofylacetopbanone, preparation of, 130, 

PhanvI-p-tdylacetyl chloride, raaotion with beu- 
■ene, 346 

PhenyltoJylamine, reaetion with triaryl mptht'l 
haliciea, 100 

'y, 7 '-Phenyl-p-toIyIbutjTyI chloride, ring doaure 
of, 406 

Phenvl tolyl sfthera, raaotion with lulfur, 666 

3- PhBnyl-8-p-tolylindane, reaction with banaene, 
486 

Phenyl tolyl ketone, ooniplex with aluminum 
chloride and ferric chloride. 61 
— , preparation of. 314, 328, W 
(l^tenyltolylmeUiyi)eueoinlo add, preparation of, 
405 

(Phnivl-p-tdylmethyl)bensoic acid, preparation 
of, 4M 

Phenyltolylphthalide, preparation of, BIB 
Phioiyltolylproplonyl chloride, ring doeure of. IM 
Phenvl tdvl aidrone, complex with aluminum 
chloride, 84 

— , preparation of, 388, 367 . - 

Phunyl thymyl ketone, prapamtion of, 888 
Phenyl tr^ohforoaoetatc, reaction with banaene, 
188, 187 , , 

N-Phnnyl(trichloroacei)aiulidc, ring domire of, 
416 

Phenyltrioblorometbane, formation of, 117 
Phenyl(iriohlorom«thyl)cacblnal, preparatinn of 

PhenyltriethylmethaiM, prepamtiim of, 167 
Fhnyltripropylmcthana, preparation of, 108 
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j^honyTuiiclMyl aokla, preparation of, 471 
Undwirl fcetona, preparation of. 312 
Phonylvalvie uida, preparation of. 138, 470 
PmjrhrtlerQyl ohloride, ring dosure of, 803, 407 
-Torntroylpropionic aoid, preparation 

Phenyl vinyl ketone, preparation of, 218, 735 
FbM|^Wljunine, reaction with tnarylmethyl 

Phenyl l^yl ketone, preparation of, 224 
Phenyvcyfyipropane, preparation of, 120 
Phloroaoetophenone, preperatinn of, 888 
— , reaetion erith ethyl acetoaoetate, 080, 080 
Phloroacetophenone, trimethyl ether, preparation 
of, 883 

PhiorogluBinol. reaction with acetyl chloride, 853 

— acyl halidee, 850, 007 
— , — benac^ chloride, 858 

— , ^ p^carbethoxycinnamoyl chloride, 444 
— , ^ oinnamoyl chloride, 807, 480, 444 
— , — hydrom cyanide, 004 

— o-methanycinnainoyl ohloride, 445 

— phenyl ieothiooyanate, 800 
Phlortetluoinol tribenxoaie, rearrangement nf, 706 
Pliloraglucinol trimethyl ether, reaction witli 

aoet 3 d chloride, 886 
— , — aniaoyl chloride, 880 
— , — bramoacetyl bromide, 880 
— , — ehluroaoetyl chloride, 880 
— , ^ trimethylgalloyl ohloride, 880 
— — voratroyL chloride, 880 
Phorone, formation of, 700 
Phoegenatea nf metala, preparation of, 41, 42 
— , table of, 41 

Phoegene complexes with aluminum rhinriile, 41 
Plioegene, reaction with allyl alcohol, 704 
— — alumina, 887 
— , anthracene, 288 

- - benaene, 8. 218 

— , ^ beniene homologi, 288, 284 
— , — biphenyl, 280 
— , — cycloheKane, 708 

— nlefina, TU, 7M 
— — parafflna. 700 

— . solutions of aluminum ohloride, density tablp, 
27, 28 

— , — clectrolyaie of, 28 

solvent for aluminum chloride, 24 

— vapor tension, 27 

— . iiM of in purification of aluminum chloritip. 
800 

Phosphates, from phoaphoryL chloride and am- 
matie eompounda, 370 

Phosphine, complex with aluminum rhlnride. 40 

- -, liquid, solvent for aluminum chloride, 26 
Phosphinic aeids, preparation of, 170 
Phmpbinic acid esters, preparation of, 170. 7B4, 

Phosphorus oompounds, reaction with aluminum 
chloride, 784 

— I lyplneement of halogein in, 185 
PhoephoruB halides, reaction with aromatic onm- 
pnunde, 167 

Phosphorus pentachloridc. as a ratolyat, 013 
us a chlorinating agent, 774 
complex with aluminum chloride, 40 
Phosphorus pentoxidr, as a catalyst, 873 
cyclhsation with, 401 
ring oloBUm with, 424 

Phoephorui trichloride, reaction with acetone. 

784 

“i — aliphatic hvdroeari>nna, 171, 784 

— anisola, 108, 101 


aramatio oompounds, 107 
— I — amnatir hyllmou^hl)l 1 ^, 10K, 170, IBB, 839 
" - . — bensonitrile, 108 
—I — bensophenoiip, 108 
— , — diphenyl ether, 170, 101 
— • — ethyl betiimatc, 168 

— halogenntetl bMaenee and tolumies, 108 

— pbcnotolc, 188, 181 
—• — icrtlarr BtnuwB, 168 


Phosphorus trichloride, reactiun with thiophene, 
IBO 

Phoaphoryl ohloride oamplcK with alunriiioiii 
ohloride, 40 

reaetion with aliphatic hydroearbona, 171 
alumina, BOO 

aromatic or heierooyolM compounds* 270 
~ olefin oxides, 785 
, riiw oloaure with, 434 
Phthaleink, preparation of, 800 
Phthalio acid, reaction with bensotriehluride, 015 
Phthalic anhydride, purification of, ^ 
rraction with mcenaphthene, 524 
_ Bcetamldobiphenyl, 538 
— Bcetamidooreaole, 508 

— aoetamidohydrindene, 087 
— Boetamidoxylsnee, 587 

— acetamidotetrahydronaphtbalene, 587 
-- amidophenole, 588 

— 4-aminobiphenyl, 880 

— aminocarbasole, 840 
aminochryeene, 687 

— emmodiMsiiofuran, 648 

— aminoethyleeTbasole, 840 

— aminofluoranthene, 687 

— aminofluorene, 687 

— Bminophenanthrme, 637 

— aminopyrene, 687 

— aniBoie, 582 

— aromatic hydrocarbons, 8, 0, 511, 513, 522, 
524, 526 

hmlonnated, 820, 627-680 

— aromatie ketonae. OU 

— beneamidophenol, 688 

— beneoylpyrena, 884, 068 

— brneylrihylaniline, 880 

— oarbaiolD, 63B 

— earbon tetrachloride, 014, 600 

— (oarboxybenioyDpyTeiie, 584 

— chloroanieole, 682 

— 2-ohlaro-l-mBthylnaphtbBlBnB, 680 

— p-chlorophenol, 582 

— rresols, 831, 682 

— dibeneanthrones, 684 

— dibensodioxane, 648 
^ dibeniofuran. 848 

~ dibeneothiophene, 841 

— diethylaniline. 588 

— dihydroxybiphenyl, 681. 582 

— rlibydroxydibydronaphthacanequinonn, 584 
-- dihydroxynaphthalene, 680, 682 

— liimethoxybiphBioyl, 581, BU 
-- dimethoxydiphsnyluren, 688 

- dimethuxytoiuene, 582 

— dimethylaniline, 686 

— dimethylthianthrene, 648 
diphen 3 d ether, 682 

-- diphenyl sulfide, 540 

- ilireenrcinol, 582 
pthvIoarbaxolB, 688 

-- hydroquinone, 882 

- hvdToxyanthTBoenB, 682 

~ hydroxynaphthalie anhydride, 684 
' ImiDoquiniBBrin, 884 

— methoxynaphthslenes, 621, 631, 588 
— N-methylcarbaiol^ 580 

— methyl phenyl sulfide, 540 

— methyl saliovlate, 884 

— naphthdls, UO, U2 
fi-naphthylamine, 886 
phenanthriflDne, 880 

— phenolB, 628 , 680-888, 080 

— phenol ethers. 880 
~ phmothiasine, 543 

— (plieniizyelhoixy)ethyl chloride, 588 

— picoline, 588 
pyrncateohol, 630, 882 

— pyrogallnl, 682 

pj'rogallol trimethyl ether, 582 

— quinaldine, 038 
thianapbthene, 641, 571 

- thiantiunne. 642 

— thioetheri, 640 

— thiophene, 640 

— thioxene, 541 



mo 
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Phthilia «iifaydrid«, motUa with p-tdtyl ethar» 

— , — ventrple, fll2 
Fhthaliile. rMotka with bamoe, 4M 
^ ^p hthrimc, 49S 
Phth«lidei, fomiAtion of* AIB, M7 
— ^ fttuitioo with toliMiie, 4BV 
PhthaliDiideBL MQrlKtloa of, N2 
ff'Phthalimidoaoetophaotme, prepontion of,- 2M 
PhthatimidEMoetyl chloride, rocotioa tiriih bon- 
Repe, 2A8 

— . — ventrole, B46 

F^tlimidoelkyl phenyl katoacB, prepnration of, 

PbthalimidoduDfltboiyaaeitiophencme. preparnUon 
of, m 

Phthnlanidohydrooinnamoyl chloride, rinc cloeurp 
to phthalunidohydrindoiie, 2M 
P h^iu imido^opionyl chloridce, reaction with 

— , — verstrolei S49 

Phthalimidopropiophcnonee, p^aration of, 258 
Phthelocyanine dyee, preparation of, 612 
Phthalocyaninea, reaction with chlorine, 612 
Phthalonee. preparation of, 568 
Phtbalophenone, foimation of, 286, 255 
^-Phthaloylalanyl chloride (see Phthaliinidoitio- 
pionvl uiloride^ 

PbthaWl chlonde, complexes with nluminuni 
chloride and annnatio hydioearbons, 60, 51 
— isomerisatioei of, 618 

preparatim of, 014, 61B, 0B6, 710 
— , reaction with aminobensoic seicl cetera, 368 
382 

~ bcnsene, 8, 280, 430, 451 
— , — bipbimyl, 284 
— , — o-uromoanisole. 315 

— p-bramoethozybensene, 452 
— , — p-bromothiophenyl methyl ethn-, 451 
— , ^ cresyl methyl ethern, 311, 439, 452 
— , — hydroxybeneoic aoid eetcre, 867 
— , — 8-hydroxyquiiioline, 380 

~ Tn-<methiixybcii«)ia aoid, 311, 452 
— , — a-naphthol. 359 
— , — phoietde, 807 
— , ■— phenyl acetate, 306 
— , -- pyrogalld trimethyl etlier, 332 
— , ruhbw, 817 

— , — p-thiocreeyl methyl ether, 439, 451 

— , — thiophenyl acetate, 373 

— , thiophenyl methyl ether, 869 

— , — toluene, 241, 451 

—I — p-tolyl methyl rndfide, 370 


— . reairansement of, 710 
Phthalnyleiyc}'! chloride (a 
chloride) 


Ph thalim idea cetyl 


o-Phthaloyl tetrachloride [eec (TriohlDromethyl)- 
bensoyl chloride] 

Picene, formation of, 111, 715, 720 
Picoline, reaction with phthalic anhydride, 538 
Picolinyi chloride, reaction with aciaole, 349 
— l^iene, 263 
Pinene, isomeriiiatioii of, 790 
— , pol 3 nnerisation of, 799 
— , reaistirm with J^T-methyloarbamyl chloride, 300 
Pinene and ienprene, pobmerlsation of, 812 
Pine oil, polymerisation of, 812 
Plpemnd, reaction with aluminum chloride, 724 
Piperonyl chloride, reaction with reeorcinyl di- 
methyl ether, 8U 

Piperonylie acid, reaction with aluminum chlo- 
ride, 734 

Plaetic materials (see Resins, synthetic) 
Polyisobutylene, reaction with phenol, 467 
Fol^nmsation, aluminum chloride as catalyet 

Polynuclear emupounds, armnatioity of, 200 
Polynuclear ketones, reactinn with olumiiiuin 
chloride, 049 

Polyvbiyl aleohol and aldehydes, rubber like 
products from, 817 

Polyvinyl chloride, binher pdymen of, 818 
— , reaction with ahkinne, 775 


PoUaeium, roMtion with phoegene-nlominum 
chloride 41 

Potassium hromids, oomplex with slnminiim 
chloride, 47 

Potassium chloride, oomplfdEss with aluminum 
chloride, 42, 48, 44, 46 

Potaaeium ehloride-Bodium chloride-aluminum 
chloride complexes, euteotlc points, 47 
transition points, 47 

Potassium ovanato, reaetion with bcnsene or 
icduene, 261 

— , — naphthalene, 801 
Potassium halides, molecular volumes of, 16 
Poitf-point depressant, preparation of, 83, 182, 
188, 721, 836, 840 

Prehnitene (see Tetramethylbensenes) 

Promoters fur aluminum chlorids aotivity, 869 
ProiiUail, type compounds, 371 
Propone, formation of, 11, 714, 719 
— , reartion with aluminum chloride, 821 

- -, — propylene, 740 
Propeno isee Propylene) 

Propeiiyl phenyl ketone (see Orotonophennni*) 
Pro(M>nyl undecyl ketone, preparation of, 754 
Propeuyl vinyl ketone, preparation of, 756 
Propiunaldphyde, reaction with bsiizpiie, 643 
Propionic aoid, complex with aluminum ohloridr, 
51 

— , preparation of, 787 

— , rractioa with toluene, 684 

Propionic anhydride, reaction with anisolo, 671 

— , — brnmomesitylBoe, 671 

— , — croN)'! methyl oilin', 871 

- , — toluene, 671 

Propinnitrile, romplexni with aluminum nhloridp, 

54 

- , reartion with propionyl chloride, 761 

3- Propioaylaonnaplitlipne, preparation of, 297 
p-Piiipiunylncetanilirie, prnparation of, 384 
p-PropionvlanuiDle, preparation of, 303 
Pntpiunylnnthracnie, preparation of, 285 
PiopiunylbipliPiiyl, preparation of, 281 

4- Prnpionylcntcrhol, preparation of, 705 
Propionyl ohloridp (ecie also Propionyl iialiilex) 
— , leartinn with arenaphthenc, 296 

— , — acetanilide. 884 
— , — BBetylena homuloxs, 700 

- , nlkyl earbethoxypynrolra, 3B8 

— anisole. 303 

— , — anthi'Roene, 385 
— , — bemsonitrile. 680 

— bensene, 212 
— , — biphenyl, 281 

— , — bromobenzene, 216 
— , — I'arvHCTOl, 854 
— , ~ ciilorobenzene, 215 
— , — p-creByi methyl ether, 309 

— dichinroperylenes, 292 

- , [ImietliylnaphthalenB, 275 
— , — rliphenyiene dioxide, 878 
— , — flunaie, 222 

— , — furan, 378 
— , -- hydroquinone, 856 
— , — hydroquinone dimethyl ether, 328 
— , — hydroxydihydraphenaDthrenp, 350 

— hydroxyhydroquinone trimrthyl rtlier, 331 
— , — hydrnxyquinolise, 389 

— , methozyphenanthrene, 344 

- , — nitrofuran, 377 

— , — pbenanthrsne, 288 
— I — S-phenanthrol, 859 
— , — phenetole, 806 
— , — phenyl isobiityl ether, 807 
— , — prnpionitrile, 761 

— propylbensene, 218 

, — propylene, 754 ‘ 

- *, — propylphenol, 353 

— pynnie, 291 

’ , — reeoroinol diethyl other, 320 

— totralin, 275 

— , — tetramethoxybensene, 888 
— , — thlophme, 873 
— , — thymol. 3l3 
— , — voratrole, 817 

Propionyl-m-orsBol, preparation of, 793 
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o«Vr9piwl-p-era»ol, pniwntiQD pi, 808 
PcopinoyliiirB^, prppu^iiop of, 870 
^ropionarl halidet (tee pIm Propionyl chloride) 

— , jccMtioa with p-eymene, 218 
• duim, 220 

— oihylbflnMDe, 210 

— ipethylotbylbfiQMDc, 21D 

— nietfa^lpropylbemene, 210 
pootaoUtylbeiuenQ, 280 

— , — M-propylbeiuenc, 210 

— toTuene, 210 

— trimethylbeDwiiH, 210 
< — Kyleoec, 810 

Prniiianylhyd^uinaiiei prepAraiion of. 350, 705 
o-Fropionyl-a-DAphthol, prepcration ot, 700 
Proploi^lphiaiuitfireDeB, prepB»tion of. 280 
p-Propionylphenetole. prepuwticm of, 800 
Propionylpbenoli, preparAtioo of, 703 
PropionylpyrcDo, preporatioa of. 201 
PropionyltoluonB, prepcjwtion oi, 219| 071 
Propiopnenona, preparation of, 212 
Propinthianone, preparation of, 873 
p-Frcmovybenioplienoiie, preparation uf. 307 
Propyl acetate, reaction with benieno, 070 
PropylaoetopLienonCi preparation of, 210, 070 
Propyl aloohol (eaa aloo leopropyl alcohol) 
oompleaea with aluminum ohloride, 52 
— , reaction with banaeno or toiuena, 010 
— , — phenol, 037 

Propyl oluminate, oamplex with aluminum chlo- 
ride, 52 

S-Propylanieole, reaction with terf-butyl chlo- 
ride, 187 

O-Propylbenzanthrona, reaction with aluminum 
chloride, 080 

Pi npylbenaeue, oomplei with aluminum chioride, 
and triotliylbeniene, 48 

- , preparation of, 81, 01, 00, 110, 121, 431, 010, 
620, 624, 870 

- , loaction witli aliphatic acid halides, 210 

— aluminum chloride. 710 
^ bencoyl chloride, 224 

— , — isopropyl bromide, 82 
~ phatbalic anhydride, 624 
' •, — propion^ ohloride, 218 
— , — propyl Dromide, 82 

— trioxymethylene, 044 
Propylbromide (see Propyl haUdcs) 
S-Propyl-O-tsTf-butyUnisole, preparation of, 187 
Propyl butyrate, reaction with bensene, 078 
Fropylbutyrophenone, preparation of, 078 
Fropyl carbonate, reaction with aluminum clilu- 

ride, 781 

Propyl chloride (sea Propyl halides) 
Propylcydopentara, reaction with aluminum 
diloride, iBomeriiation of, 788 
Propylene, halofenation of, 778 
polymerisation of, 790, 700 
", reaction with aoanaphthene, 404 
", " acetyl chloride, 752, 754 
— , — anthracene, 464 
", " bocsene. 4N, 403 

— biphenyl, 404 

— , — » O-nromoacenaphthoie, 464 
— , — n-batane, 741 
", " ohloroproplonyl chloride, 750 
", orotonyl ohloride, 750 
, " hydrom chloride, 77Q 
", " laiiroyl chloride. 704 
", " naphthalene, 464 
", " pbenanthrene, 404 
— , — phanola, 877 
—I ^ phnol ethers, 877 
■*1 — phosgene, 7M 
pn^Moie, 740 

", " propionyl chloride, 754 
", " enli^lio add, 878 

PropyleDe ohloride, reaction with bensane, US, 

" haldaromatic hydrocarbons, 170 
Propylene oxide, reaction with bouene, 502 
", " hydroearbona, 788 

Propyl other, eom^en with aluminum chloride, 


Piopyl formate« reaction with bnaene, 878 

— m-xylAs, 875 

Propyl halides^ deavege of, 770 
", complex with alummum ohloride, 101, 104 
", formation of, 714, 710 
", in alkylation, 01 
— , isomerisation of, 84 

reaction with brinene, 81, 81, 06 
— , " biphenyl, W7 
", " bromobensene, 175 
— , " funn mtera, 10^ 101 
", " naphthalene, IDS, 108 
— , " tduene, 81 
— , " v»-xylne. 91 

", edubili^ of aluminum eliloride in, 24 
", Boiution of aluminum chloride, conductivity 
of. 81. 88, 84 

Fropylbydroquinone, reaction with maleic anhy- 
diide, 581 

Propyl iodide (eee IVopyl halidee) 
Propylmalonyl ohloride, reaction with P-naphthyl 
methyl ether, 448 
", — phenol ethon, 487 

— rsaoreinol dimethyl ether, 448 
'"f " P‘tolyl methyl ether, 437, 448 
Propylnaphthalene, preparation of, 484 

Bulfonation of, 108 

Piopylnaphthnsarme, pi^aration of, 581 
Propylphenols, preparation of, 627 
— , reaction with acyl chlorides, 353 
p-Propylpropiophenone, preparation of, 218 
Propyl sulfite, reaction with bensene, 075, 682 
Propyl thienyl ketone, preparation uf, 872 
Propyl bhiophensB, acylation of, 374 
PropyltoluencB, preparation of, 618 
Projjylxylenes, rearrangement and isonicrisatiun 

Protocatechuio acid, preparation of, 318, 734 
l*rotooatfH]huic aldehyde, preparation of, 724 
Psoudooiunsne (boo also Trimethylbensene) 

", conipldr with aluminum bromide and hydro- 
gen bromide, 88 

", — aluminum and mnreurie chloride, 48 
", preparation of. 83, 88, 87, 717, 718, 718 
", methylalion of, 80 
", reaction with acetyl halides, 222 
", " aliphatic add halidee, 220 
— , — alummum chloride, 71B 

- , " rarbamyl chloride, 200 
— , — dibromomethuie, 110 

- , " dimeihylaorylic add, 470 
", — maleic anhydride. 578 

— , " methylene ohloriae, 10, 110 
", " phosphorus trichloride, 168 
", " phthdio anhydride, 524 
— , — BulfobsnsDio anhydride, 665 
— , — Bulfur dioxide, 284 
", — p-tolyl chloride, 224 
Fscudocumohydroquinone diaeetabe, reamnge- 
mant of, 705 

PsoudDoumoylacrylic add, preparation of, 578 
PseudDisatins, preparation of, 488 
PsMidosaodiarinic chloride, preparation of. 108 
— , reaction with dimethylaiuliiie, 188 
Pyranthrone, preparation off, 648 
Pyrasolee, aesdatum of, 882 
P^BBolonee, acylation of, 888 
Fyrone, alkylation of, 187 
— , preparation of, 278, 448 
", reection with aoeWl chloride, 281 
", " aluminum ehloride, 781 
", " liensoyl chloride, 881. 188 
— , " bromobensoyl ohloridee, 802 
— , " oarbamyl ohloride, 800 
— , " ohloroacetyl chloride. 801 
", " chloroben^l phloridm, 282 
", " oinnamoyl chloride, 882 
" eyanurio helidee, 151 
", " (ethylphenyUcarDBinyl chloride, 290 
", " halogenated methenee, 116 
— , " naphthoyl ohloridee, 891, 282 
" phthalio anhydride, 584 
" propionyl ohloride, 801 
" toluyl chloride, in 

Pyrenecarbcoylie add, preparation of, 811, 800 
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Pyreaedioarboxylamiclat prapaiBtion ol, 801 
^nmedioarboxylyi ohlomka* reaetidti with ben- 
umfi, Ml 

P^rtane kaUiiMi, reRotion with acyl halidM, 808 
Pyret^uinoDea, pnpMmiion of, 6M 
PyridiiM, onmpiox with aluminum ohloride. 13 
— , non-raaotivity of, with alkyl halidm, 07 
, Mwtyl ehloride, 8B0, 807 
maotion with DenMnediaaonium ohloride, 155 
— , aolvent for aluiainum ohloride, 85 
Pjhidiiiecarbosylyl ohloridee, reaction with aro- 
matic hydrooarbona, 208^ 887 
JVridinecucarbDKylyl ohlondee, reaction with 
beniene. 868. 807 

Pyridyl ketonea, preparation of, 887 
iSroeateehoi, raaction with butyiyl chloride, 355 
— , — furori chloride, 858 
— , -- methylpbthalie an^dride, 550 
— , ^ phenyl acetyl ohloride, 858 
— , — phthalie anhydride, 880, 688 
Pyrooateehol diethjd ethar, reaction with hytlro- 
gen cyanide, 004 

Pyrocateohol dieetcrs, Fries reairaagerntmt of, 705 
PstobbUoI, reaction with acetyl ehloridr, 853 
«, -- benioquiDO&p, 068 

— dimethylphthalie anhydride, 550 

— hydrogen cyanide, 808 

> ‘ phthalio anhydride, 583 

— , xme cyanide, 002 

Pyrogallol dimethyl ether, reaction with brii/ityl 
ohloride, 388 

— , — methoxytoluyl chloride, 383 
Pyrogallol trhnethyl ether, reaction with necUl 
chloride, 838 

- , ~ diniethoxybonBoyl cliloride, 333 

— diiuethoxsThthalic anhydride, 552 
— , ^ hydrogen cyanide, 005 

' pKthallc anhydride, 538 

- , — phtholnvl ehlnride, 882 
— , — Buoftnic anhydride, 588 
Pinrogenic fiisinon of beniene nurleui. 132 
Pjnnimrilitir anhydride, reaction with oruinatii’ 

hydrocarbona, 508, 5M 

PyroHulfuryl chloride, reaction with tnluiaip, 264 
Fyrolartaric anhydride, react inn with benime 
and methyinaphthalene, 501 
Pyroterebio acio, formation of, 781 
Pyrrole, acylation of, 887 

- , alkylation of, 100 

, reaction with acetyl chloride, 387 
*’ . — hydrogen cyanide, 008 
Pyrrol ecarboxylic acid, ethyl ccter of, acylation 
of, 888 

Quinacetophenone (sec Aretylhydroquinone) 
Qmnaldine, reaction with phthalie anhydride, 538 
Quinaioline (halogenated), leaGtiom witli aro- 
matae hydrocorbomi ana phrnole, 101 
Qumiiarin, preparation of, 528, 682 
Quiniiarin, leueo, reaction with phthalio anhy- 
dride, MS, 584 

Quinoline, reaction with benconediazonium rlilu- 
ride, 155 

—, — phthalie anhydride, 588 
Quinolinecarboxylio acid diloride, reaction with 
bencene, 390 

^inolimei, acylation of, 889 
Quinolinir anhydride, reaction with beniene, 509 
^ Bcen^hthene, biphenyl, naphthalene, and 
tolume, 570 

Quinonea, preparation of, 588, 583 
Qiiinpmpionylphenone (sec Froplonylhydroqui- 
nono) 


Kapeeeecl oil, pidvmeriiation of, 817 
nation rate, substituentc influencing, 178 
nedistribution raaction, 770. 780, 787 
Reduction, in dehydrogenating oraideniHitton, 559 
Raflning, with aluminum chloride, of acetylene, 



coal tar ofle, 881 
cracked diiiiilate, 880 
gasoliae, 880 


Refining, with alanUnmn ehloride, of hydMwar- 
bone, 881 

lubrioatinf ofle. 881 
-, mineral oils. 881 
oil, 881 

phthalie anhydride, 388 
sulfur, 888 
terpeaioB, 888 
tetraohloroetliyleno, 888 
wood tare, 883 
, xylene, 888 

Refining agent, use of aluminum ohloride as a, 
B30 

Replacement of nuclear halogm, 130 
Heaacetophenone (see Dibyaroxyaoetophenones) 
Resins, natural, arylation of, 817 
Rnins, synthetic, 704ff. 
from acetylene, 810 

— alkylbonicnes and phthalie anhydride, 580 

— imthraoenes and owns, 404 

, — beniene and chloral hydrate, 147 
, bonicne and o-nitrobouyl chlnnile, 150 
. — bcnsyl chloride, 128 

- marked petroleum distillate, BOO 

— nlufin-diolefin copolyineniation, 808 

. -• phenol and trioblDrobenz}'l chloridp, JH5 
reaction of halogenated aliphatic livdro- 
tarbnns with aromatic compounds, 111, 170 
, — unsaturated hydrocarbons, 811 
. — plasticisers for, 185, 187, 188 
Resorcinol, complex with aluminum rldoridn, 52 
, diresorcyldiehloroethylene from, 117 
ronrtion with acetyl chloride, 853, 355 

- benzoqumone, 802 

‘ beniyl chloride, 183 

> a-brnmovaleroyl olilondp, 434, 443 
, — frrt -butyl chlorida, 178 

— cinnamoyl chloride, 357 

— - ethyl B-aoetoglutarate, 680 

— furoyl chloride, 358 

— hydrogen cyanide, 008 
muleio anh 3 'dride, 581 

-- metliylphthalic anhydride, 550 
• phenylacetyl rhloride. 353 

— phenyl isothioryanate, BOO 

— ^-phenvlpropionyl cliloride, 857 

— Bine cyanide, 002 

Resnrrinol acids, esters, and ketonra, convcrsiim 
to aldehyde, 000 

Rraorrinol di^kyl ethers, reaction with hyrlrogon 
ryanide, 004 

Rnsorcinol dibenioate, rsarrangnmuji of, 700 
lifviorcinnl diethyl ether, rcnrtiun with areiyl 
chloridp, 880, 738 
, -- chiciroacctyl chloride. 322 
, - rinnamoyl rhlnride, 324 
, — prupionyl chloride, 820 
RpH.ircinnl dimethyl ether, reaction with acetic 
anhydride, 671 
. — acetyl ohloride, 880 
, — alkylmalonvl chlorides, 440 
, - hensoyl chloride, 388 
. -- broniDBcetyl bromide, 787 
hromoneetyl chloride, 822 

— a-bromo-p-phenylpropionyl eldoridc, 834 

— bromopropionyl bromide, 328 

— chaulmoogryl chloride, 885 

— chloroacetyl ohloride, 881 
. - cinnamoyl chlorule, 884 

, — dialkylmalonyl chloride, 448 

■ dimethoxybnnaoyl chloride, 885 

■ dimsthoxsTphenvIsuoninic anhydride, 502 
, — dimethnx}rphtbalic anhydride, 558 

» diphsnir add chloride, 820 

— isobutene, 408 

-- innlmo Hiiliydride, 570 

— ' mainnvl nhlnriiles, 8M, 448 

• inetlinxyphenylsueeinic anhyilriilo, 503 
oxalyl chloride, 388 

, — palmitoyl ohloride, 888 

• phenoxyacetyl ohloride, 884 
phmylpropinlic ncid chloride, 834 
piperonyl ohloride, 885 

■ veratroyl chloride, W 
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0 tbCT, roftetiim with hydrofcon 
0 Uaoiinc anhydride, 5M 

^-ItMoroylU! add, rraction with ethyl aoetriace- 
tate, m, 686 

RMoroylia add, dimethyl ether of, TBsotinn wilJi 
Boetyl chloride, 881 

Betene, complaeB with aluminum ohloride, and 
acid obloridee. 51 

— , oompleK with aluminum ohloride and bonioyl 
ohloride, 51 

, reaotion with aoetyl ohloride, 280 
, — bdiioyl ohloride, 200 
, — diethylmalonyl ohloride, 280, 447 
, dirnothylmalonyl ohloride, 447 
, — oxttlyl chloride, 280 
, — Buodnio anhydride, 580 
Reteneoarboaylio aold, preparation of, 280 
Hetoylpropionic add, preparation of, 580 
d-O-R^yliflobutyryl chloride, rini closure of, 404 
Revereibility of Riedel- Crafts reaction, 108, 483 
Rina dosure of alkoxy or aryloxy derivatives of 
add halides, 410 

— , aralkyl derivatives of bensoyl chloride, 410 
— , aralkyl dicarboxylio acid ohlorideB, 407 
— , eydio derivatives of butyryl ohloridps, 404 
— , rydio derivatives of isobutyryl ohloriden. 403 
— , oyclio derivatives of propionvl halides, 380 
— , oydic derivatives of valeroyl diloriilpe, 407 
— , mtermolecular, 804, 428 
— , intramolecular, 884, 715 
— , carboxylic acids, 888 

— , polynudeor dprivatives of acetyl halidm, 388 
— with evolution of hydrogen diluride, 8841T. 
Ring compounds of nitrogen, halogenated, aryl 
Bubsiitution in, 148 
— reaction with phenol, 185 
Rosin, decoloridng of, 888 
Rubbtf, oompounding ingredient for. 111 
— reaction with hydrogen chloride, 772 
— , — lino1f*njo add, 476 
— , — oleic acid, 475 
— , — unsaturat^ fatty adds, 475 
— , chlorinated, 122 

— , non-inflammable oompositions, 122 
Rubber dibromide, reaction with phenol, 182 
Rubber, birChydroxyphenyl), prcpHrutiim of, 182 
Rubiadin, formation of, 7M 
Rubiadian methyl ether, cleavage of, 730 


Salicylic acid, preparation of, 387, 608 
— , reaction wi^ aniline, 686 

— propylone, 878 

— , — stearoyl chloride, 864 
SaliiwliQ aoid and dimcthylbonsyl chloride, 
poTymoriBation of, R16 

Sdioylic acid and formaldehyde, polymo'ieatinn 
of, 817 

Salicylic add eaters (see also the individual 
eetinp) 

— , reaetion with bensovl chloride, 866 
Salioylanilide, preparation of, 686 
SchoU reaotim, 188, M8 
Sebaeic anhydride, reaotion with bensene, 584 
Sdrnium compounds, acylation of, 863 
— , replaeement of haloi|en in, 185, 167 
Selenium halides, acylation of, 167 
reaetion with bmisene, 167 
ScMnonaphthene, reaction with aoetyl chloridp, 
888 

Sdenoxanthone, preparation of, 27Q, 440, 452 
Shellaoi curing of, 817 

SHtwn Qompounds, replacement of halogen in, 

Bflioon halides, reaotion with alumina, BOO 

— aluminum, 848 

^ — aromatic hydrocarbons, 178 
Sflicon tetra-alky^, reaction of, 787 
Silver chloride, complex with aluminum chlnride, 
^42, 44, 45 

Sodium cblnridc, complexes with aluminum chlo- 
ride. 42, 45, 45, 855 


Sodium chloride-potaedum ohloride- aluminum 
chloride, complexes, eutectic points, 4t 
Sodium diisopropylnaphthalenesUlfonate, 100 
Sodium fulminate, region with hydros^ chlo- 
ride, 100 

Sodium rubber, deatructive distillation of, 807 
Sodium tetradecvlnaphthaleneaulfonate. 100 
Sodium tolyloycloheaanesulfoDBte, preparation 
of, 128 

Solar oil, oraddng of, 828 
Solvent naphtha, pol^eriBation of, BIB 
Solvents, effect of, in ketone synthseia, 210, 211 
— , effoct on organoaluminum chloride complexes, 
15 

— , for aluminum ohloride, 24 
— , for aluminum cliloride in polymerisation of 
hydrocarbons, 806 

— , uses of in reactions catalysed by oluminum 
diloride, 878 

use of in keto acid preparation of, 520 
Soybean oil, cracking of, 7 h 
— , polymensation of, 817 
Spermaceti, reartion with phenol, 078 
Spindle oils, cracking of, 828 
Spirans, preparation of, 480 
Squalene, halogenated, reaction with phenols, 188 
Squalene hydroholids, reaction with a-naphthn1, 
183 

Stannic chloride, as catalyst, 200, 878, 812, 870 
— , mmplexes with aluminum chloride, 45 
viscosity rriationship of solution of, 27 
StnnnouB chloride, complexes with aluminum 
chloride, 45 

Stearic acid, reaetion with aluminum ehloride, 
782 

Rtearophenone, preparation of, 212 
Stearoylcarbsxole, prepmtion of, 801 
Stearoyl halides, reimtion with ocotylcne homo- 
logs. 760, 701 

— , — alkylated bensenss, 218 

— antluraeene, 840 
— , — benzene, 212 

— , — biphenyl, 282 
-, - ‘ rarbazole, 38t 
- , — furons, 870 

— naphthalene or tetralin, 278 

- , — nitrophenyl phenyl ether, 870 
— . — salicylic acid, 804 

Stilbene, complexes with aluminum chloride and 
end chlorides, 51 
, preparation of, 127 

— , reaction with aluminum cliloride, 721 
— , — benzene, 480 

Stilbene bromide, reaction with bensene, 127, 420 
Stilbenedicarboxomirle, preparation of, 801 
Strontium chloride, complex with aJuminiim chin- 
ride, 42 

Styrene, an'laiion of, 811 
, polymerization of, 120, BOB, 705, 810, 811 
, preparation of, 120, 487 
, reaction with acyl^ halides, 218 
, — arsenic trichloride, 171 
, — benzene, 480 

Stjrene 'dibromide, hibenzvl from, 127 
, ^-bromostvrenp from, 127 
. stilbene from. 127 
, triphenvletliane from, 127 
Rivryl methyl ketone, reaction with dimcthvlani- 
line, 034 

Stvrx’l trihydroxjrphonyl ketone, preparation of, 
857 

Substituents influencing substitution, BO, 175, 260 
Siicrinir anhydride, reaction with aoenaphthene, 
580 

- onisole, 588 
— nnthracme, 580 
. — bensene, 683 
, — terf-butylbenzenc, 684 
, — carbazole, 680 
, — rhlorobenzene, 586 
, — chrysene, 687 
, — cresol methyl ethers, 588 
, — cresola, 687 
, — riihcnznthiophenF, 581 
, — dihvrlrophennnthreine, 680 
• dimethoxynaphthalne, M 
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AiiiiYmov& aJjUmwvu chloride 


iMlbm with djoieiliybiaph- 

dlmetbylthioplMM MM 

— cUphanyl itM^ Ml 
^ SbylbeniMM, MA 

— Ml 

— li^uui«0rMI 

•* bydroquinoiw methyl eth«rt, Ml 

— meiityleae, M4 

— methoiyimphthiilBM SM 
* metbcH^tMl^wt. Ml 

^ metbylampheiuuiUinAe, M7 

— methylMpnthelflia, MS 
^ methylpiheDMithreiMi M7 

— nepUtluJone, Ml 

^ imt»hthyl ethyl ether, Ml 
« iw|>hthyl methyl ethersjMl 
» areinol methyl etlier, BM 
phenetole. Ml 
^p hfartl , iff 

phenel ptheri, MF 

— phenon^yl ehkiride, MB 
pyrooflol trimethyl ether, Ml 

— reKM^Dl mathsrl ethera, Ml 

— retme. Ml 

— tetmlimMB 

— thiophene. MO 
-toluene. BM 


— Mnimw, wi 

— ventmie. Ml 

- xylenm. ht 
. — eylyl methyl 

jm-Buoouqybuiamphl 
Buoeinyl ehi^ide, ten 
— , — DenionitrOe, MO 


— eylyt methyl ether, HI 

a. .1 iphthene, fonnetinn of, MB 

renetion with bcnemo. 23B 
lie, r“ 

— toiuane, Ml 


Ruger 


Pir ehloHnetion of, 774 


Puiiue, etereoehwnled raeireiiMnent nf. 711 
Bulfenilainidee, preperetton of, STl 
Sulfinie moide, prepamtion of, HI 
reeetioD inth tnhmyl dilcmi|. Ml 
BoUlnio adda, aromatic, from Miffor dioxide aad 
aramatio hydraearbooa or their halogen derlva> 
tivm, IN 

Bulflmrl diloridee (armnntie), preparation of. 111 
Salfobenioic anhydride, reaction with arnmatir 
hydrooarbora, MB 

Bulfobenioyl ehloridm, naction with benimr, 
117, 4jl0, 4M 

Bulfonatm, aa analytiral derivativea, Bl 
— , Use as alkylating agents, MO 
Rmfonation, of ring ecanpounda, easv nf. 100 
Bulfonation of substituted naphthalenes, 101 
RuHcnation of mibatituted ayfenee, 01 
Bulfophthalic anhydride, reaction with bensent*, 
dhlarobenseiie, dlcbldrobonsene, and hydrnqiii> 
none. IN 

Bulfrmides, preparation of. 600, 014 
Bulfur, organic compounds, nnylatLon nf, 3M 
— , alkmtion of, 174 
, aydisation of, 415 
, purlAcation of, 8M 

, reaeticei with ammatic hydrocarbons, I, 
049, OH, IM 
, — chlorobeucne, 105 
, — diphenylamlne, IM 


HI, 


— diphanyl ethers, ON 

— pbtbalTo anhymide, 640 

— telyl sullda, IM 


muDpIcgm with aluminum ehlorids, 81 
— , hglogeiigtion with, lllff. 

-ii^ M^on with alumina, IM 

, IM, IN. IN, 4M. 442, 018 


$ — «ir>, lie, ^ 

— , ^ boiMe homolm. IN, IM, 442 

— chlorobcnsetie, 111 
— , — dibensanthnme, 111 

— betogenated arematlos, 105 
— , ^ isodibeiiianthfone, 165 

105. IN 

fiMB. nr 


Bulfur, removal of, fm hydrocarbons, 403, 180, 

HI 

Sulfur cblorito (see alao PynMtdfitryl ebinride. 

s^fu^ ehtorida aad thionyl ehlorhle) 

— , ealnlyet for BondenaatimiB with, 107 


Bulfur ehloridee, rmetlen with toliiMie, MM 

•^1 subSt^ted, W Friadel*Ctefti reaatkm, M 
Bulfur dhixide, eomplsgee or aluminum muoridB. 
88 

— , reaction with anisola. Ml 
— , aromatic hydroearbona, I, 5M 

— , — bentene, I. 104, 500 

— bensene, meOvlated bsnaaaeS or haloge- 
nated bsnioimi Hi 

— , — o-ercsol methyl ether, 5N 
— , — fluorobsnsene, 101 
— , — halogenated benMBMi, M4 
— , — methylated bemenia, M4 
O', ~ pheneto^ 500 

Sulfur trioxida, solvent for aJurainum ahloride. 26 
Buj^ryl chloride, aa a ohlorinatiiig agent, lia, 

— , reaction with aeetylens polymers, 778 
— , — aromatic hydrocarbons, 803, 018 
solvent for aluminum chloride, 20 
S^*nanthreoe, from ehlorofoiin and naphthalem*, 
115 

luntalum chloride, catalsrst, 400, 875 
Teotochrysin, fonnation of, 730 
Temperature, affeet of, tai benzyl chloride ri*nc- 
tiona, IN 

— , — . on alkylation, 87 

T^^iithalio acid, reaction with diohloTobpnsmu*, 

TerephthBloyl chloride, eomplK with aluminuni 
chloride, 30 
preparation of, 014 
— , reaction with biphenyl, 2M 
— , — methylnaphthalenee, 280 
— , — naphtlialpne, 27B 
— , — toluene, 241 
— , — m -xylene, MO 
Terpenre polvmerisatinn of, 812 
, refining of, 182 

Terpenea and aikylbensene, polymcri/atiim (d, 
112 

Terpimir alrnhol, reaction with beniH>ne, 631 
Tetrabromobensoylbenaoio acid, prepamlmn nf, 
541 

Tftrabromooresnls, reaction with bensenn, 6D4 
605 

IVtnibroiiiocthaoe, reaction with naplitlialmr, 
111, 720 

itvm-Tetmbromopthane, rcaetinns wilb iUK\nu>it- 
senes, 119 

— aliiijiiniJm diluride, 420 

-, - bensims. 111, 110, 421, 4H. 441, 716 

— cUiylbcnfene, 429 

- , - toluene, 4H. 441, 717 

— xylons, 4H. 441, 717 . 

Teirabromophthalic anhydride, reaction with 

bunaene and toluene, 541 
' — halogenated bensaim, 548 
TetraebJornbensene, preparation of, 111 
2,5,8',6'-TptraohlDrob^ophenoi», preparation 

Tetroohlnrobensophenoiie phloride (see Dichloro- 
hfB(diohloropheDyl)methane) 
(TptrachlorobensoyObsnaoio acids, preparation 
of, 541 

Tetrachloroethan^ as a aolvent, 621, 874 
— , preparation of. 771. 7T4 
reaetion with bromine, 771 
— , — ohloroBlelini, 777 
— , — najphthalMm, 111, TIO 

Tptrochloroetfiane and aromatic oompniinds, 
polymerization of, 116 . 

TetrachlfwroethylBPP.j^flcatHm of, 888 
— , prapnnition of. 771, TH 
— , reartion with bfSisens. 182 
— , — chloroform, 778, 776 
Tetrahvdroxyblanthraquinnnyl, preparalmn of, 
M2 * 

Totrachlnrophimcds, preparation of, 612 
Tetnchiornphthalic anhydride, reaction with a 
sole, MB 

— , — bensena, M7 
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T«lradilmtqp»hthilla MbydrUpp leaotiaii with 

ohloKtaiMM, MS 


•0^. dteh1«T^hfiniifti I 648 
' 648^ duiieihylniiilmpp 64fl 

' ii«pbtli«Iai«i' 548 

, 8-iiapbthol. 648 

p ^ 9-Mpbtbyl methyl other MB 
p — nitroboDMiie. 680, 885, 540 
, — utrodieblorobensene, MO 
, -* phenolp 648 
, tdimie, 648 
, » trichlotoboBienOp 548 
, ^ tyleni^, M8 

a,jl S.^-TetruAunropropionyl chlonda, cumplcx 
with aluminum chloride, 40 
Tetracyclobnylbeosene, reaction with bpoacno 
608 

Tetradecane, ohlormation of, 03 
ToiraethvlbeDaeneB. prrparation of, Hi B8 
— , oompliflt with aiuminum olilondc anil tllnih^1 
Iwnannp. 48 

Telraetlivldiammodiphenylanihionp (eoc biNfCni- 
i>thylamino)phei^l1anthronr ) 

Tetmothyldiplienvl ethPin preparation nf 1B7 
Tetiaethyl lead, rniLtion with btininitliyl harl 
7»r 

Tolrartli\l orthonilicate, rearlion with bi'finni 
B81 

’ll tnuHhiWucoinir and eslire, r phi t ion with b1u> 
II I mum chloride, 781 

Pi tractliylauooiAio anhvilridp piipniatinn nf 7H1 
1 ptrahvdrciacenaphUieni, ruiilion \ntli oxabl 
rhloride, 207 

l<tiah\drnnienaphthpDOGfirbDx>1i( arida pnpu- 
intmn of, 807 

TelrahydiodirvBoOuorene, piipnrHtinn of 487 
"1 [ irahvdroQ el open tanotriph en vl ene prcpai ati on 

nf. 488 

Tetrahydraunqumolinf, pnjiamtion of, 414 
Trtrahydronaphthalene (are Tetmlin) 
(TptmhvdmnaphthovOpropinnir nr id, preparation 
nf , 585 

Tetraiodobcnioylbmcoir arul. piipmation of MH 
Tetraiodophthidio anhydridp, rrartion with bin 
aeoe, 545 
, — toluene, 648 

Totraniopropvlbeiisrao, dealkylation of 91 
Tclraiaopropylbenxene, preparation of, 81 8(1 01 
Ti traiaopropylnaphthalene, preparation of 464 
TVtralin, alkylation of, 107 

rmnplaK with aluminum rhlnruU 48 
polymenKation of, 818 
preparation of, 126. 788 
r ipaotion with acetyl chloride 275 
, — aluminum chlonde, 781, 722 
, benioyl chlonde, 278 
, — butyryl chloride 276 
. -> cyclohexaie, 466 
, ** Dvnlnpentene, 406 
, — eihvlnie, 484 
p ■— hvdrofren cyanide, 607 
, — hioher acid rhloridm 275 
, — leobutyrvl chloride, 875 
p — ketene, 480 

p — malonyl ahlondn, deriintni’i 276 
^ methsdnaphthoyl chlonde, 278 
> - denm, 4M 


, — oicalyl fdiloridc, 270 
I phoephorui inchlonde, 170 
I — phthilifl anhydride, 584 
, proplcnyL chlonde. 875 
, <— pyrom^itio anhyori^, 560 
p ^ ataannd ohioride. 8n 
I — nicolhio anhydride, 580 
I — tnchlcroacetonitrlla, 505 
xetramethonyaeatophaiioiiea, cleavage of 727 
;-! preparation of, 157 

1 etnunethasybaaene, raaction with acetyl cUlo- 

noa, 887 

p ^ benaoyl ohlorlda, SIB 
1 l>7opk»6d eUoride, B8B 


IriiametlirjxybianaophcnonBe (caa hti(Dhnathoxy« 
luimyl) ketone and Metftuiayphenyl trnneth- 
oxyphenyl ketone) 

retiame^oxyhvdruxybeniophenone (oaa Dimeth- 
I whydraxypheiiyl dimethnsyphenyl ketone) 

preparation of, IW, 111, 

441, 646, 717 

1 ctramothylben^Bnea, acylation of. 221, 884, 800 
-7PrBjiWBtion of, 8, 9. 81-68, 86, 87, 80, 110, 

, leaotion with aliphatic acid halidea, 220 

— aluminum chloride, 718 
— , — bcnioyl chlonde, 9, 284 

, — carbamyl chlorine, 200 

— methyl halidea, 88, 86, 87, 90 
, — phoagene, 884 

- — phthaiio anhydnde, 584 

— — propionyl chloride, 222 

1 ptramethylbraxophenoneB, preparation of 118, 
224 

2 4 2'.4'-TotramethylbiphDnyl, leaotion with 
plithalic anhydride, 624 

( ri9trameth\lbutyi)phenol, preparation of, 467 
1 1 trnnu thylohnunanonea, prepaiation nf, 818, 
436 444. 488 

1 idraniethylooumaranonc, preparation of, 448 
1 ptramethyleyclohexanc, formation of, ^ 
3,a'-TetmmethyldiBniinobiphBDyl (aee bii(Di- 
mLthvlRiiiinn)biphnivl) 

IriianuLlivldiammndiphenylanthrono (eee bu- 
r f Dimethvliunino)phBnyllBnthronB) 

I 1 1 ( traiiiethyldiaimnDdiphniyliWBlohexane (noe 
hisf ( dimetliylBinino)phpni llovdohoxane) 

TptmmpthyldiammodiphenylinLthanB (lee bu- 
[(ilimctliylB]ninD)phenvl1nietkane) 

3 fl Tetiamithylflinmino O-plienyl fluorene (aei^ 
a 6 - bie[ (Dimethylanimn) - Q-pheni 1 1fluorenr) 

Irtramotlixl lead, rcactinn with tetraethyl bad 
and tripthyl lead chlondo 786 

I I brompthylnaphthalinc, fnnimtion of, 780 
I ptminctliylpicene, formation of 780 

Icti uncthvltetrahydrofuraii, reartion with 
plipnol, 503 

114 4 Tetriuni3lhyl-l,8,8,4-totialivdruniiphthBlena, 
preparation of 113 

IptrBmithyUptrahvdronapbihol, preparation of, 
1B2, 432, 467 503, 682 

I ptrametlivl tin, reaction with tetraethyl tin, 
787 

I I 4 4 litiHplii»n\lbutanp-l,4-diDl, reaction with 
o prceol, B32 

l(trRphpn>lr>clubiilanB, formation of, 008 
IitiBphpn>lLthani» preparation of. 187, 144, 145, 
429. 081 

I paction with brnrem*, 486 
1 btraphenylethylene, preparation of, 114 
, Fraction with beneene, 146 
1 ^raphpnvlmethanc, prrparatirm of, 118, 116, 
117, 127 ^ , 

1 pimphenylthiophenr, reaction with aluramum 
rhlonde, 657 

Tetrapbeiiiltolvlctliane, meparation of, 846 
riiallomi rhiiiridp oomplnec with aluminum 
f iilnnrh 44 45 

1 hrnnytliraiTnio and preparation of, 540 
IhriioylprupKiniD acid, prepaiation of, 590 
Thiaiiaphthrnp, rmction with nr<*tyl chlonde, 575 
— — pbthalic anhydride, 541, B7l 
ThianBphthinpdiLiiibnxvlio aiui>dridp, m lyntbe- 
NiB 01 kebo BOida, 571, 572 
(ThianaphthpnoyObHiaow acid, preparation of, 

2-(Tiiianaphthenoyl)bonBoyl chlonde. ring olo- 
Bure of 420 .... 

8-C8-ThiBnflphthenovl)propioiiyl chloride, ring 
rloBure of, 424, 480 

^-ThisnaphthiBBtin, preparation of, 424, 420 
Thianthrenr, preparation of, 164, 194, 488, 442, 
665, 667 

Thianthrenc, reaction with ahloniaoetyl ehloride, 
375 

- — phtlinlic anhydride 548 
Thianthrenoylbenroio acid, preparato of, 542 
Thimyl tolyl ketone, preparation of, 872 



ANHYmOVS ALVMiNVM CHLORIDE 


•nkl, pnpArfttkm of. Ttt 
Thiouilidn, prepantioii of, Ml, Ml 
Hiiabonttniuilrt, prqmrfttioii of, Ml. Ml 
Thk»bflDiolD aeirifl, prapanktien of, MS. 101 
TKiibbwopbRDoiie, propanlkm or. 111, Ml 
ThioofaniiDaooikoi, propmtion of, 414, 415 
Thio-ocmpounda. roHOtion with loicl hiUidap. 1M 
TtijoonMM, roMtion with Mw^yl Ohloride, Mi 
alonUnuiB ohiorida, l|7 
— 3,5-du^]oro-l,5<diiiMl^lheacBQe, 111 
— , — ca^l eUorido, 4|4 
««p-ThiociwyliaopropiiW ohlonda. rins eloniro 
of, 4SI 

«*^ThiomyLpFOpioiiyl ohloridis, ring doture of. 

TblodMylvie dyecd, prmnition of, Ml 
Tliuxliplwiaiiiinfl (bw ncoothlaiine) 
ThiodipiLBiylplithBlido, preparation of, 417 
Thioathers, preparation of, 150 

reaotiaii arith phUialio anhydride, 540 
Thloettaylnae diyem, pr^iaratinn of, 501 
ThioBavona, preparation of. 424, 431 
Thioketonea, preparation of, Ml 
1-TbiolbenBOBMeiiaiolB, reeetitHi with l-ohlnro- 
beniothiaaole, 117 

Thintiaphthol, reaetioii with oxalyl chloride, IN. 
438, 450 

'niionyl ohloride-Bniede eolation of alimtinnni 
chloride, conductivity of, 31 
, reaction with aoeianiliriF, 8M 
-'i — alkyl etheni, 614 
— , — anieole, 850 

— , ammatio carboxylic aride and anhydridee, 

114 


— aromatic hydroearbooB, 014 
— , — beneene, 304 

— , — bramobittiBenB, 364 
phenetole, 350 
— , — phenyl ethera, 8M 
— , — Bulflnic aoidB, 351 
Thiophanthrenequinonc, preparation of, 540 
Thioplumthranone, preparation of, 435 
Thiophenanilide, pieparation of, 874 
Thiophene, acyletiim of, 875 
— , alkylation of, IBO 

reaction with nretvl chloridL*, 872 
— , — acyl ohlondra. 372 

— alkyl haliden, 118 
— , — bensal chlnride, IBR 

— , -- benMnediBBonium chloride, 155 
— , - - bcnBotrichloride, 111 
— , — bensoyl chloride, 371 
— , — beneyl chloride, 108 
— , ~ cyanogen halidee. 149, 109 
— , — diethjdmalonyl chloride, 372 
— , — ethyl chloroglyaxylate, 372 

— hydrogen ciranide, 008 
— , — ieopropyl bromide, 108 
- , — phenyl cyanate, 874 

^ phosphorus triohlorido, 111 

— phthalie anhydrids, 540 
' , -* propionyl chloridB, 871 

— Buccinic anhydride, 510 
— , — 0 -toluyl chloride. 372 
— , trichloroacetonitrUe, 806 

removal of, from beneene, 8S3 
Tliiopbeneduarbotylie aoid anhydride, rmctldii 
with phenolB, 571 

Tliiophenenitrile, preparation of. III 
Tliiophenetole, preparation of, 850 
Thidphenol, formation of, 8 
— , preparatiim of, 104, 805 
— , reaction with aluminum chloride, 007 
— , 2,5-dichloro-2,5-dimethy1hacanB, 108 
Thiophenol eChera, acylation of, 800 
reaciion with oarbamyl chloride, 870 
diphcnyldiohlorotneilianp, 108 
— , -- phtlialoyl chloride, 361 
Thlophenolphthalein dimethyl ether, preparation 
of, 380 

Thiophenyl noeiate, reaction with phtlialoyl chlo- 
ride, 873 


Thtopboagena, reaetkn with aaMe, 851 

— , ^ bwnnn, 111, MS 

ThkphoigBMf renotion with plrtnyl «thera. Ml 
Thioqiiiiimiei, preparatlM of, 494 
Thioirai^aMue, proparmthm of, M3 
Thiotolyl-^-iigf)buyhiniine, pnfmtiln of, IM 
Thioxane, reaction with potnalio anhydride, 541 
Thymol, preparation of, 181 
— , raaoticn with acoM ehloride, 153 

— aoyl uhloritterMI 
alurntnum chloride, 735 

^ ohloroacetyl chkiria^ 854 

— hydrugn oymidaL 801 
— , » trichloroaoetonltnle, 505 
— . ~ ibiB cyanide, MO 

il-Tli 3 rminyainnaiDoyl ehloride, ring oloeure uf, 

Tbymyl aoetaie, raarrangaoient of, 700 , 704 
Thymyl alkyl ketones, preparation of, 358 
Thymyl bensoate, rearrangsment of, 700, 704 
Tigiio aoid, reaction with benieno, 400 
Tin tetraaUcyle, reaisiton of, 787 
Tin tetmohloridit, as oxidieinc egenb, 133 
. lifl a BatalyBt, 108 

Titanium tetraohloride, as a catalyst, 877. 460, 

507, 875, an 

Tulone, reaction with bdiEune, 481 

Tnlane dibromide, reaction with benieno, 127, 

421 

Toliiline, reaction with phthabr anhydride, 537 
Tnlualdehyde, foimatinn of, 710 
~ preparation of. 506, 5N 
reaction with ocnemo, 045 
Tnluomide, preparation of, Ml 
Toluene, alkylation of, BOB. 
clenvagD of, 714 ^ 

romplex with alumiDUiii bruinuU’, 978. 

• aluminum ohlonrle, tHff., 978. 
dBoempoaitian of. 10 
dBaulfuriaation of, H33 
formation of, 10, 091, 710fl. 
methylation of, 80 
oxidation of, 8 

preparation of, 81, 80, 87, 108, 109, 130, 610 
reaction with UDotic acid, 884 

— acetic anhydride, 009, 071 
— Boetamidophthalic anhydride, 561 
— ' aliphatic acid ohlorideB, 219 

— aluminum chloride, 710 

— amyl ohlorida, 82 

— amyl chlorocarbonate, 180 

— anieoyl chloride, 251 

— anthraquinonecarboxylyl chloride, 224 

— aBobenxene. 155 

— banaaldeliyde, 645 

— bensenediaionium ohlorida, 155 

— bBoaenoBulfonyl chloride, 805 

— benBoie aoid, 684 

— p-bencoquinooe, 681 

— 8-bciusnylacrylio acid, 478 

— henaoyl chloride, 823 

— bensoyl cyanide, 088 
•— benBoylformic aeid, 498 

— bensoylleucyl chloride, 257 

— bensyl chloride, 10, 132, 124, 441, 716 
bomeol, 025 
bomyl chloride, 120 

— brumal, 140. 147 

— bromoaootyl ehloride, 232 

— o-brumobmioyl chluride, 288 

— a-bromobutyryl ehloride, 282 

— a-bromonaphthalene, 018 

— p-bromophenol, 094 

— a-bromopropionyl chloride, 882 

— butyl alcoh^H, 021, 028 

— butyl chloride, M M, 85 
-- butyl halideB, Mff. 

— butyric anhydride, 071 

— camrlia oil, 475 

— eamphorio anhydride^ 574 
-- earbamyl ehlorida, W 

— earbomethoxybeiuoyl ahlmida, 9M 



SUBJECT INDEX 


fler 


Ttrilim. rMOtion with carbmi diiaiHs. M8 

— cUrboit inonoxide, MW, 64B 
oaibon tetmohlnridc, U8 

— (ovbcoybeiuioyDphiltiiljis Bnliydridf. 658 
ohlwal, 140 

— BlUoriiM, 6ia 

— ohloraftOetiB anliyilride, 071 
^ nhlomBcelopbnioii^, 189 

— ohinroaoetyl oblondp, 232 

— N-CshloroamyDbaiKamide, lU 

— ohlorobeiuoyl ohioridea, 233 
^ Bhlorobiitync acid, 133 

— chlorofbriii, 110, 411, 717 

— , /J-chloropropumyl ohlonde, 443 

— , o-cfaloroiieleiiobeiiMnd ehloiide, 270 

— , -- ehlorovalenriaetoiip, 133 
» oinimnioyl chlondD, 248 
— , — orotoaio aeid, 400 
— , — oyaoio Mid and hydrogni chlnridc. 261 
' "i ~ oyanoaoetyl chlondp, 202 
— , ^ eyaiiogaii halidea, 140 
- — oycdoheaanMliacetic acid anhyrlnde. 573 
— , — Dyclohmciuiul, 02S 
' ’» oyolohwene, 400 
— , — oydohoKyl ohlorido, 128 

cyclopontanediBcetic aoid anhydride, 073 
— , — deiiyl chlondp, 130 

— (diohloroariiino)ben«oyl chloride, 270 
— , — diohlorophthalie anhydride, 644 

— , — > dicyanogen, 606 
— p — diBtliylnialonyl chloride, 446 

— diwobutylene. 403 

— , — dimethylethylcorbinol, 022 
— , — dimethylphthalic anliydride, 560 
— , diflitrophthaliC anhydride, UO 

— , — diphenin anhydride, 602 
— , — diphenylapleniiun dirhlnride, 167 
- ethyl alpohcil, 01 0 
—, - ethyl chloride, 88 
-p - ethyloiiB, 460, 400 
— , — ethylene dibroirude, 0, 110 
— , — ethyl furmate, 077 
— , — ethylidene chloride, 717 
— , >• ethyl nitrate, 082 
— p lliiorennnecarboxylvl rldnnilf, 265 

-, — p-Ouoroplieiiol, ISl 
-, — fonnaldehyde, 045 

— funieryl cliluride, 242 
^ furaldehyde, 046 

— furoio acid, 477 

— hdogenated amidea and imidea, 152 

— hydrciffen chloride and rurbnii ninnrixide, 

600 

— hydrogen cyanide, 000 

— hydroxyl amine, 040 

— hydroxyl amine hydrochloridr, 157 

— hydroxynaphthoyl ohlnridp. 252 
-, — hydroxy trimellitic anhydride, 507 

-, isobutyl bromide, 80, ffi, 35, 713, 716 
isobutyl chloride, 82 
-, — iHobutyl iodide, 82 

— d''-uopenteniD acid, 400 
-, — ianpropyl alcohol, 020 

— isopropyl bromide, 82 
*, — isopropyl chloride, 82 

— iaopropyl iodide, 82 

-p — maleio anhydride, 577, 680 
‘p — malonic acid dinitnle, 508 
-, — malonyl chloride, 238 

— menthoL 026 

^ meeitylglyoiBl, 404 
', — methyl alcohol, 010 

— ^-methylbutyrolartone, 496 

— methylchlnride, B, 82, 80 , 87 , 89 
-, — methyl chloroearbonate, 130 , 080 
-, — > tnethylcyolDhexaiiol, 026 

’, — methylene chloride, 10, 100, 441, 716 

— methyl formate, 077 

', — meUiylphthalio anhydride, 655 
■, xp- naplithalenediDarboxylic Mid anhydride, 
060 

, — naphthoylbenioyl chloride, 462 

— hioksl carbonyl^ 710 


^ 160 **"*^' *’®*^**°" nitrobenayl chlorides, 160, 

- “ nitrophthalip anhydrides, 660 
, p-inlnihultunyl cliluride, 207 

— tileir rtCiU, 476 
— , -- oxuJyl chlondp, 230 
— , — paraffin hydrocarbons, 500 
, — pliennxyupctyl cjilorido, 201 
^ , — phenyl acetate, 677 
— , — phenylarelyl rhioride, 246 
— ■ phenylmelhylchloroarBine, 171 
— , — phenylparornnic acid, 406 

- — phenylphthalide, 400 

- , phenvisuroinio anhydride, 692 
, -- phosgene, 233 

, — phoeplkorus trichloride, 108 
— , — phihalic anhydnde, 618, 624 
. — plithahde, 400 
, — phthaloyl chloride, 241, 451 
-, - propionic Mid, 034 
— , - pinpinnic anhydride, 071 
-, — piuityl alMihol, 610 

- , pnjiiyi rhloildu, B2 

— , — pyridinPOorhoxylvl ohlorido, 387 
— p — pyiomrilitic anlivdriUe, 660 
— , — pyrosulfuryl chlondp, 204 
— , — qumolimc anhydride, 570 
— , — Buccmic anhydride, 684 
— , — Buccuiyl chloride, 230 
— , — Bulfobonaoic anliyilride, 506 

- p sulfur, 106, 000 

— , — sulfur rhloridee, 164, 166, 203, 442 
— , — sulfur dioxide, 204, 500 
— terpphthaloyl chloride, 241 
X , — aym-tpirabromoetliane, 119, 420, 441, 717 
— , — tetrubromophthalio anhydride, 648 
— , — Mi/m-tetrachlornethann, 717 
— , — tetiaehloroplithalic anhydride, 648 
tetraioflophthalic anhydride, 648 
— , — ^-toluvlacrylic acid, 472,^ 677 
— I — p-toluyl-p-hensoyl chloride, 265 
— , — o-toluvl rhlondr, 224 
— , — br«(p-tD]yl)8clenium dichloride, 107 
— , — tnbromophenol, 004 
• tnchloroacetoiiitrilo, 606 
— , — tnoxyniethylene. 641, 044 
— , — valeric anhydride, 671 
— , solvent for aluminum chloride, 26, 28, 100 
Toluenesulfinic acid, preparation of, 600 
1'oluenBnulfonic acid, preparation of, 204 
Tnluenpsulfonyl chloride, preparation of, 203 
— , I paction with bensene, 207 
(N-p-ToluenceulfonyOmethylpseudoisaim, prepa- 
ration of, 410 

Toluhyilroquinpne, reMtion with acetylphtliHlir 
anhydride, 667 

— , rpBCtihn with citmoonic anhydride, 688 
— , — dimethylphthalic anhydride, 650 
— , — mothylphthalic anhydride, 666 
Tnluic acid, formation of, 606 
— , preparation of, 236 , 600, 608 
— , reaction with chlurobenzene, 084 
Toluidine, formation of, 0 
— , preparation of, 157, 640 
— , reaction with acetone, 086 
p-Tnluidineoxanilic acid chloride, N-p-Uiluene- 
Nulfonyl dnnvativn of, ring cloaure of, 419 
Toluniirile, prcfiaration of, 14B, 606, 600 
— , reaction with Mstyl chloride, 380 
Tolnquinone, reaction with mesitylenc, 801 
o-Toluylacenaphthene, preparation of, 208 
^-Toluylacrylic acid, preparation of, 077 
", roMtion with toluene, 472, 577 
Toluyliuithraquinone, prMaration of, 224 
ToluylbensenRaulfonic acid, preparation of, 666 
Tuluylbenemc acids, preparation of, 258, 618, 622 
p-Toluyl-p-benioyl chloride, reaction with tolu- 
ene, 260 

Toluyl phloride, reaction with acenaphthene, 298 
— , — alkyl bensenes, 224 
— beniene, 214 
— , — bensoylpyrene, 803, 052 
— , — biphenyl, 283 


-a 
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ANHYDROUS ALVMJNVU CBtOBWE 


Toluyl dikvkle, rMotkii with dilomlMWianQ, 117 
— ohloropluiiiolB, M 

-’t — dkhlofwMpbthalwMBp MO 

—1 — pfliyUttk IM 

—p phmntliraie, MO 

— wa 

— , — toluoia, M4 

Tdlmrtflimnafiiie. pripanitlaii of, SU, 001 
ToluylBMtliyliimbalifvciiio. propitratlctt of, 707 
ToluybMpbthoie toid. propuition of, 000 
ToluylnltrabMioio omdi, prepArttion of, 000 
ToluylphcnoEthnui, prepiuvtiim of, an 
bit<p-Toliiyl)phtb«Uo ando, proparation of, 009 
ToluylpioQliima aold, preparation of. 070 
Toli^l^opioiiio aoiU, preparatuiQ of, 084 
Tolqylpsrraie, preparation of, 802 
TVAiiyltolupheflioiia, preparation of| 200 
Tolu/ltdlylpropiome aold, preparation of, 472 , 577 
Tolyi Boetate, roarranBement of. 807, 708, 704 
— , raaotion with n-butylmalanyl ohlonde, 449 
— . — dimathyl-4-ethylphenyl chloroaortatr, TOO 
— , ^ phenyl ether. 708 

lylyl methyl ether, 800, 708 
Tejylaaatophmime, preparation of. all 
p-Tolylie^l ohloride, reaction with beneene, 214 
Tolyi benaoate. learrangeinent of. 708 , 704 
— , reaetioa with aeetoxymeeitvlene, 708 
— , — dilorotolyl ao<«tate, 807, 708 
— , — phenyl raer, 708 
^ aylyl aeetate, 708 

Tolyi brainobutynita, rearranffcment of, 704 

bramoethylbutytate, rearrangement nf, 700, 

Toly] bromoisobutyrate, rearranRHnent of, 708, 

704 

Td^ bromoprapionate, rearranBnnenl of, 701, 

Tolyi butyrate, rearranacment of, 708 
reaction with phenyl eUier, 707 
Tcdylbutytie acid, preparation nf, 138 
Talylbtttrryl ohloriaeb ring nfoaurr of, 405 
TolH ehloroacetate, reantuifraent of, 708, 704 
raaotion with acetoxymeiitylnio, 708 
phenyl aoatatc, 708 
•», preparation of, 180 
Tolyi erotonate, rearrangement of, 402, 704 
Tolyi cyanate, reaetion with phenyl Plhpm, 347 
TolyleiyalohesaBea, prmration of, 128 
Tw ethen, preparation of, 048 
reactlQB with butyl balldM, 180 


reactioB with butyl balldM, 180 
» phthalle anhydride, 882 

Tdyl ethylerotonate, rearrangement of, 701, 704 
Tolyi heptoate, reaiTangement of, 704 
Tolyi heaoate, learraagement of. 708, 704 
TolyUiydrlmlonei, preparation of, 400 
laobutyrate, learrangrmsnt of, 708 
TdyliaopaitaDfo acid, preparation of, 409 
T^l ieotlnwanateB, reaction with phenyl 

Tolyi ntonr, preparation of, 2M, 704 
Td^lkrtotetrahydronaphthalme, preparation of, 

Tdyl methyl nilfiile (aee Methyl tolyi eiilfirlel 
Mi^oiab^l diloride, ring doaiire of, 807, 413 


fonoi^Mtutk acid, renation with aluminum chlo- 
ride^ ring elcwnfe of. 080 
Tdrienyesniwnioyi dtloridfe, ring donrre of, 111 
Tdyfogyemtoin^ chloride, rmg elomire of. 4lf 
ToM pdarmmate, leanmiigmeiit of, 7N 
Tolylphtlinlide, reaction with benoene. 400 
Toud iMwptonatA.ieaRaiigeniaDt of, 701 

doaure of. M0 

fril^^TnbHodeiiKiia Oniorfde, preparatten of, 187 
dlohloride, leaetlon with 


Tolyi valerate, reairaiuenMnt of, 708, 704 
Tdylvalaryl ohiorida, nnf eloeure of, 407 
Tolsd zenyl ketonae, proparation of, 281 
Tolri aylyl ketonn, preparation of, 124 
Tranafofmar dielecm egeota, 187 
Trialkylbencena, preparation of, M 
iwrangemnit of, 88 
Tiialkylpyrrola, acylation of, IM 
Trianuylaulfnnium ohiorida, preparation of, 608 
i-Trianthanet reaction with aluminum duorlde, 
807 

Tiiaryl acetcnitrilea. preparation of, 086 
Triaryl iodide, preparation of, 118 
Triap^l methyl hdldei, reaetion with dialkyl- 
anilinea, 188 
— , diarylaminea, IM 

Triaryl adfonium aalte, preparation of. 108 
TrlaaniM, preparation of, 148, 162, 880, 701 
Triaidnea, chlorinated, reaction with naphihole, 

161, iBi 

— , — phenole, 188 

— phenol rthen, 191 
Tribenxoylperylene, preparation of, 888 
Tribcnioylphlorogluomol, preparation of, 700 
Tribensovlrceorcinol, preparation of, 708 
Tnbensyl borate, reaction with beniene, 881 
Tribeneyliulfonium chloride, preparation of, 087 
TribramobeniophraiDDe, preparation of, 280 
Tribromobcneoyl chloride, reaction with bmeme, 

280 

Tnbromncrcfid, reaction with bensene, 004 
1,1.2-Tribriimoetlianr, fonnation of, 4M 
iVibrorooethylene, rpaotion with bmsene, 121 
Tiibromnphpnol, reaction with benxpike, 180, 094 
— , — toluene, 804 

Tribromopiupane, reaction with bentene, 118 
TribromorMoreinnl , reaction with bnneme, 005 
Trihromntrichloroethane, preparation ot, 778 
Tnbuiyibpiixene, formatinn of, 718, 710 
, preparation nf, 81, 180 
Trihutyl diphenyl ethen, preparation nf, IM 
Tributyl pUnephate, reaction with beneenr, 0B2 
Tributvltiiliipnr, formation of, 718, 710 
TfkhlanjacvUo arid, reaction with beneene, 137 
TnohloroBretonltrile, complex with aluminiiin 
chloride, M 

— , reaction with aromatio eompoundn, 505 
(TnrhlciroRoeto)phenone, preparation of, 220 
Tricbloroacotyl chloride, reaction with l>en/fnip, 
228, 434, 448 

N-(TnehInrnaoctyl)dipheaylamine, ring donum 
Ilf. 418 

Triohloroaciylyl chloride, complex with alumi- 
num oblorlao, 40 

Triebloroantliraquuione. preparatinn of, 547 
Triohlorolxnirene, preparation of, 011 
— , reaction with tetrachlorophthalio anhyilridn, 

548 

TrichlnrobenRoylbcnnoic acid, preparation nf, 54(1 
Trichlorobenxyi chloride, reaction witti pliennl 
185 

beneenp, 147 

Triohloroethane, preparation of, 778, 774 
- , reaction with benacne, 116, 441 
— , — dichlnroethylene, 777 
Triehlomethylene, polymeriigtion of, 810 
reaotiiin with aromatie hjrdrocarbonn, 122 

— carbon totraohloridi, 775 
— , — heKaohloropropene, m 
—, — hydrugm brotnidej 779 

— hydreg^ ohiorida, 778 
TriohloromButylane, formaikii of, BOS 

I pfparation of. 174 

C’^whloiw^y^gapji^ ehtorldo, reaction with 
TridUwyeg^y^ ehloiida, reaction witli 
TrIchlorophMwl, ramtldn with bcnimic, 120, 894 

IVkgh Un wphwyi acetate^ raWriiM with aliuninum 
Triabhfij^fMh Obbydrlda, maodon with ben- 



SUBJECT INDEX 


Triyor oKMith oce c aTboxylio add, prepatatioii of, 

THflinttamt^Uoroglq^^ imparation of, 857 
lyteyalohwlMiMnRt motion with bewMae, Sfi2 
iVideouio, efalariiiation of« B8 
TtioihyiMSQtophnijDo, praparotloii of, 071, 078 
TrloUiylbeiiMne, oompfea with aluminum chlD< 
rid*. «, ts, it, in 
diaMtyUtion of, 283 
foramtkni of, 400, 718 
— , preparation of, 11, 88, 09. 102, 450 
readtian with aeetie anhydride, 071 
^ aoetyl halide, 230 

^ iMIkMiyl flhlnridi—- VIA 

haloganated alipAatio aoid halides, 282 
Tnethyldiphenyl ethen, preparation of, 187 
Trtathyllaad ohlorido, reaction with tdmmfthyl 
lead, 780 

TVietbyloleulRnium hydroalde, preparation of, 

000 

TViethylphenyl acetate, reartonaenient of, 705 
Triethyl phosphate, reaction with benRcnc, 082 
Triefthyltetrahydroindandione, preparation of, 274 
TrihilMenated benienea, reaction with benzoyl 
chloride, 228 

Trlhydroxybensaldehydee, preparation of, 003 
Tr^droxybensanthraquinone, preparation of. 

TrU^dnuybutyrophenonea, preparation of, 850 
Tfihydroicyflavanone. preparation of, 857 
Trihydroxyflavone, formation of, 720 
lYlhydroxythiobenianlliile, preparation of, 380 
TriiodophthaliQ anhydrides, reaction with hen- 
sene, 547 

Trlieobutylbensene, complex with aluminum 
chloride, 49 

— , preparation of, 81, 92 
Triiwbutyl borate, reaction with anisolp, 081 
—, — bromobenxme, 081 
— , — phenol, 081 
— , ^ iFi-xylene. 081 

Triiaoprop^baisene, complex with aluminum 
oliloride, 48, 49, 102 
— , preparation of, 81, 01 

Triuopropyl phosphate, reaction with benzine, 

m 

Trimethoxy acetophenone, deavBBe of, 727 
preDaration of. 888, 880 
Trim^imybenialclehvcie, preparation of, 005 
Trbnethoxybenionitrile, preparation of, 140, 191 
Trimethoxybeniophenone, preparation uf, 305. 
810, 884 

(1ViraethoxybenBoyl)propioDio aoide, prrparntinn 
of, 508 

Trimrthoxydeeoxybansoin, preparation of, 835 
Triineth<iK 3 dlnvaniine, preparation of, 444 
Triroethoxyphnnylacetyl chloride, reaction with 
veratrole, 119 

D»>CTrimethoiX 3 nphBnyl)phthBlido, preparation of, 

888 

Trimethoxypropiophenone, proporatinn of, 334 
Trimethylac^lo aoid, formation of, 705 
Trimethylacetophenone, preparntion of, 071 
TrjmethylbenxudBhyde, preparation nf, 135, 509 
Tr^etbylbensenes (eee alao Meeityleiie mid 
Pseudocumene ana Hemlrorilitene) 
ocmplex with aluminum chloriile, 48 
pTcparatLon of, 8t(f., 87ir., 130, 718 
— , reaction with acetic anhydride, 071 


— lUphatle acid halides, 220 
methyl chloride, 88, 87 
methyl iodide, 88 

TrimethylbciisDin, preparation of, 494 
TrimethylbeuQphsnoneB, preparaticn of, 224 
<TriDieih9wenaoyl)lMMiscinMfonto nold, prapara- 

('n|toiS^dgiiioyl>di^^ wi«l» prepara- 

hiM^dmjriMbanaoyOd^ 

( Wlsmt hylbeBsqyl >- W 


Ca,p,^-Triniethyl>d-4hlDroetliyl) methyl ketone, 
preparation of, 704 

Trimethylchromaaones, preparation of, 112, 318, 
435. 444, 488 

TrimBthylooumaranone, preparation of, 484, 448 
Trimetbylcydohexane, formation of, 722 
Trunethylcyclopentene, reaction with acetyl chin- 
rido, 757 

TrimcthyldesoiybensDin, preparation of, 245 
Trimethyldiphanylmethane, preparatiDn of, 126 
Trimethylene dibromidc, reaction with mesity- 
lene, 112 

Trimeihylene glyool diaiyl ethere, reaotida with 
hydrogen cyanide, 005 

Trimethylene glycol bwCformyl aryl ethers), 
preparation uf, 005 

Trimethylethylene, reactitm with acetyl chloride, 
752, 754 

— , roaction with alcohols, 708 
- — butyl chloride, 878 
Trimethylirnlloyl clilorirle. Traction with eou- 
marun, 377 

— , — phloroglucinvl tn'methyl ether, 830 
Trimethylhvdrindones, preparntinn of, 485, 444, 
401 

Trimethvl(hydroxyphBnyl)pentaDe, preparation 
of. 028 

TrimethylketutetTaiiydronaphlhalenps, prepara- 
tion of, 405, 407 

Trimethrlnuphthazarinp, pippnratinn of, SB8 
TVimethyliiejilane, reortion with aluminum chlo- 
ride, B21 

— , — bensene, 4N 
— , — toluene, 500 
— , — p-xvlcne, 600 
Tnmethylphenol, alkvlatinn of, IBQ 
'i'Timothylplvenyl acetaira, TcaTcangemciit oi, lOt, 
706 

Triroethylphenylbiitane, preparation of, 022 
Trimethylphenylbydrindene, preparation of. 480 
(Trimpthylphenylmethyl)hydroqumonp, prepara- 
tion of. 001 

Trimethylquinoline, preparation of, 085 
Tiimetbid^ioplieniB aciil amide, preparation of, 
374 

TrinaphUinbenzene trioxide, proparation of, 003 
Trinaphthylcarbinol, preparation of, ISB 
Tnoxym ethylene (see also Formaldehyde and 
parnform^dehyde) 

— . rrftctinn with aromatic hydrocarhnne, 041, 043, 
044 

— , — banienB bomoloRS, 641, 048, 044 
— , — bromobutylbenseno, 046 
, — hramoethylboisenB, 044 
— , — bromntoluene, 044 
, — cyclohexane, 643 
— , — methylcyrlohnrane, 043 
— naphtliencH, 043 

Tripluaietyl sulfonium chloride, preparation of, 
350 . , I, 

Triphenylncptonitrile, prepnriitinn of, 037 
TriphenyloTBine, preparation cl, 171 
Triphenylbenzene. formation of, 034 
preparation of, 192 

Triphenvlbutvrvl chloride, ring rliwnrp nf. 400 
Triphenyl oarbinol, ethers and oatnrs nf, 118 
preparatiiiir n^, 8, 110, 158, 105, 240 
, lenction with phenol, Ml ,, 

Ti iphenyleno, rcaDtion with carbamyl rbloniie, 

Triphenvlethane, preparation of, 110, 115, 127 
— , reactinn with benacne, 480^ 

Triphenyl ethylene, reaction with bensttie, 4M 
Triphenylhydrindone, preparation of, 480 
Triphenylmethane, docompoeition of, 9, 111 

—.formation ot 8*3 fiur m 144 

— , proparation of, 113, 110, ll8n., 120, 127, iM, 

— with olumimm chloride, 721 
— , — bcnaoyl chloride, JMO 

oxalyl chloride, 284 , . 

Triphenvlmethanecarboxylio aoid, preparation of, 

400 
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(TrbihmylaMthyObanslo msM, pratwration of. 
451 

Triphenylinethyl ohloride» fonnatian of, 9 
preiiai^tion of* ll7 
— raaetioti with butyl elhiy, llB 
— , — *ithyl ethic, 118 

— ethyl AoelHte, 118 

— ethyl aleojiol. 118 

(TnphnnylmefchyllpnDaid, prapiiratiufl nf, 631 
(Tripheiiylinethyl)Bulfur ohloride, miction with 
bouene, 185 

Ti^henjipropane, prepantioD of, 116 
Triplunylpropioaic aoid. preparalinn of, 489 
-~,^reM>tion with aluminum ohinrtde, 854 
TriphanyMenmium phioride, preparation of, 187 
T^henylvins'l oleoliul, prepnraluin of. 145, 228, 

Tripropylbcnieiie, fonnation of, 718 
noetion with nluminum ohloride, 719 
Tritolylchloroinethane, prypitraiimi of. 118 
Tiitolylmethyl ohloride, reaction with ilinrvl- 
aminM, 198 

Tmane. preparation of, 884 
TruxlDyi chloride, riqji doniina of, 410 
Truzone, preparation of, 410 
Tung oil, polymerisation of, 817 

rcoetiim with aluminum chlorldi—- cinrkmff of. 
782 

Turpentine, polymeriiation of, 812 

Uudoeane, ohlorination of, 83 

Vndecenoie aoid eaten, reaction with bensene, 

iV 

Undeeenyl acetate, reaction with beneyl eynnide. 

488 

T*nde«*y1l>ensene. preparation of, 462 
Undecylenio acid, reaction with henaene, 471 
— , — bensyl cyanide, 471 

Undecylenio acid, ethyl csier, Teaeiinn with nni- 
aole, i78 

— benseoe, 478 

^ phonylacetic acid, 478 
— — ^-phenvlpropionio acid, 478 
Undecyl aenyl Icetone, prrparatirjn of, 282 
l^niiatunited acid ehloridra, mirtuui with nm- 
matic oompounde, 435, 482 
riunturated alkyl halides, reaction with phenols, 
181 

t'naaturaterl carboxylic acids, renrtinn with aro- 
matic oompounda, 468ff. 

— , — rubbn, 475 

Urea, reaction with acetic anhydride, 785 


Vileraldehyde, solvent for aluminum chloride, 

X5 

Valeric anhydride, reaetiun w'ith rreevl methyl 
ether, 071 
— , — toluene, 871 

V^crophenone, preparatirm of, 212 
ValtfpyUnisole, preparation of, 804 
Valerayl chlnride (see also Valeroyl balidra) 
reaction with anisols, 804 
— beosenc, 112 
— , — foran, 878 

— , — * hgd^uh^yl dimethyl etho', 828 

Valoroylchlorophenol, preparation of, 700 
Valerc^orsBoli, prepmtion of, 708, 704 
ValeroylfurBii, preparation of, 176 
ValeiW halidea, nactinn urith alkylated ben- 
asnm, 218-320 

Valerogtaathylumbdllferonfl, preparation of, 707 
ValnraidnaphthOla, preparation of, 706 
VolsroyltoliMna, praparatkai of, 218 
Vamidiani oasr^lorido, aolvent for aluminum 
chWide, 88 

VaiMina, aolvent for aluminum chloride, 25 
Vat dyaa, pretparation of, 185, 882, 528, 884 
VaMtaMs oila, reaction with aluminum Hiloride, 
onokiog of. 782 
Veratril, prapaiation of, 818 


Veratrolc, reaotion with anatyl ehknrida, 817 
anhmri i^lorkla, 811 
-bmaal i£ioride, 188 

— bensamidoaoetyl shlorhle, 848 

— benaoquinona, 882 

— bonioyl chloride, 818 

— bromobaQsoyl ahlorids, 818 
-- bromopropionyl oliioridci 817 

ohloroaoetyl chloTlda, 817 
^ counuirylyl ohloride, 818 

— dialkyl mdonyl ohloridsa* 818, 448 

— diiodimhthalle anhydrida. 548 

— dimethoxybanaoyl chloride. 810 

— diinsthoxjmhthalic anhydride, 552 

— ethoxymethoxybenso 3 d ohloride, 818 

— hydrogen cyanide, 004 

— katanc, 480 

~ methosyphenylsucoinlc anliydndo, 502 

— inyristyl chlmids. 817 

— ozalyl chloride, 818 
pahnitoyl ohloride, 817 

— pentadeoyl chloride, 817 

— phenyleuDcinic anhydridn, 502 

— phthalic anhydrida, 582 

— phthalimidopropionyl ehloridn. 346 
~ phthalylidycyl ehlnrids, 840 

— propionyl rhioride, 8IT 

— succinic anhydride, 588 

— (trimethozyphenvl)aeetyl chloride, 319 

— v^atroyl chloride, 819 

Veratroyl clilnriile, reaction with eniaole, 805 

— chrnman, 878 

— coumaran, 877 

~ hydroiiuinone dimethyl ether, 330 

— phlnroglucinnl trimethvl ether, 336 

— lesorcinnl dimethyl ether, 325 

— veratrole, 819 

Vf^rutroylcliromnn, preparatirm of, 878 
VpTRtroylplienylpropionio aciil, prepiiratinn nf 
592 

Vinyl oretale, reaction with bimsenc, 479 
Vinvlaretylenc, polymerisation of, R77 
Vmvl bnnnide, reaetirm with bensene, 428 
Vinyl chloride (see alao Vinyl lialides) 
leaetimi with acetyl chloride, 761 
-- hmsime, 172, 429 

— liensovl chloride, 701 

— hydrogen ehloriae, 772 

— iaovaleroyl chloride, 701 
. n*sin from, 818 

Vmvl Dompounda and alkyl halidea, polymerisa- 
tion of, 817 

— anrl fatty aeide eaten, polynieriution of, 817 
Vinyl oreeyl ketone, preparatimi of. 701 
Vinyl oatera, reaction with phenola, 479 
Vinyl Bstera and phenols, resina from, 818 
Vinvl ethera, polymerisation of. 817 
Vinyl halides, reaction with acyl halides, 761 
— , — phenol, 188 

Vinyl idpne bromide, noetion with bensene. 121 
Vinvlidene chloride and aromatic hydrorai hull'll 
polymerisation of. 810 
Vmyl mmityl ketone, praparetion of, 232 
Vinyl methyl ketone, preparation nf, 758 
— , reaction with naphthiUenei 480 
Vinylphsnol, preparation of, 181 
Vinyl phenyl katona, preparation of, 213, 755 
Vmyl propenyl katona. preparation of, 758 
Vinyl xylyl ketone, preparation of, 288 
Vinyl reaina, plastioiaan for, 125 
Violaathrone, preparation of, 854 
Viscosity index, improvnnant of--in lube ml''' 
BBl 

Viscosity nf metallie halides, In various solvnils 
27 

Voloanisation of nibbsTi oeoalaratcir, prepamti'^n 
of. 127 

yffwt resin, praparatUiit of, 8U 
- , purification of, 8N 
Wotting agents (see also Deiarfenta) 
prapofitim of, 108, fBi IM 
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— carbon monoxide, 508 800 
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Xylyl chluroBcetate rearrangement of, 704 
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